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The future of the internet is mobile. According to statistics people in the US already spend 
more time surfing the web on their smartphones than on desktops. The majority of smart-
phones is equipped with sensors that measure the phone’s spatial device orientation. The data 
returned by these sensors has an enormous potential for the use in interactions on mobile 
websites. 

The Device Orientation Playground is a website that features examples and tutorials that 
focus on interaction via device orientation on mobile websites for web designers and devel-
opers. Users learn about some of today’s state-of-the-art web technology for mobile websites 
provided on my website www.stefankaltenegger.com/device-orientation-playground. 

At the end of this paper, empirical device orientation data tracked from different websites 
is visualized and interpreted to get an insight into the user’s behaviour.  

Abstract
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Die Zukunft des Internets ist mobil. Laut Statistiken verbringen die Menschen in den USA 
bereits mehr Zeit im Internet auf Smartphones als auf Desktops. Der Großteil der Smart-
phones ist mit Sensoren ausgestattet, welche die räumliche Orientierung des Geräts messen. 
Die von diesen Sensoren erhaltenen Daten bieten ein großes Potenzial für die Verwendung in 
Interaktionen auf mobilen Websites. 

Device Orientation Playground ist eine Website, die Anleitungen und Beispiele zum The-
ma Device Orientation auf mobilen Websites für Webdesigner und Webentwickler bereit-
stellt. User können sich über aktuelle Webtechnologien für Mobilgeräte auf meiner Website  
www.stefankaltenegger.com/device-orientation-playground informieren. 

Abschließend werden Daten der Device Orientation dreier verschiedener Websites ge-
messen, visualisiert und interpretiert um Auskunft über das Benutzerverhalten zu geben. 

German abstract
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Introduction

The internet is in a time of change concerning its user behavior and user needs. 
It evolves towards a mobile and flexible service that is accessible on a wide array 
of devices like traditional desktop computers but also mobile devices like tablets 
and smartphones. 

According to statistics published by eMarketer, an online research and statis-
tics service, more than 50 percent of time spent by US-adult users on the internet 
in the year 2015 is actually on mobile devices (Chaffey). Google reported that in 
2015 the number of search queries from mobile devices exceeded the number of 
queries from desktops (Sterling). 

Besides touchscreens mobile devices have built in sensors that offer af- 

fordances for being used in interactions on mobile websites. The accelerometer 
and geomagnetic field sensor measure the spatial orientation of mobile devices 
which is called device orientation. The use of device orientation and virtual real-
ity on mobile websites is not yet fully discovered in an accessible way for a broad 
audience. Offering unique and cutting-edge features like interaction via device 
orientation on mobile websites can help companies attract new users and stand 
out of the big mass on the web. 

This paper shows research on innovative ways of interaction with device 
orientation on mobile websites and makes its technology accessible to the public 
through online examples and tutorials. 

To be more specific, the goals of this research paper are: 

– Present research to raise awareness of the importance to design for 
   mobile devices
– Show possibilities of using device orientation on mobile websites
– Make technology for virtual reality on mobile websites more accessible    
   to the public

– Create a website that contains examples and tutorials about interaction   
    via device orientation and virtual reality on mobile websites 
– Track device orientation on different mobile websites and analyze the  
    gathered data
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Background

Statistics show that American adults spend more time surfing the web on mobile 
devices than on desktops. This fact supports that research in the field of mobile 
web design and development is more important than ever. This paper explores 
what can be done with today’s web technology in terms of responsive/mobile 
websites. 

The majority of modern mobile devices is equipped with a variety of device 
sensors for their everyday business that offer interesting affordances for being 
used in interactions on mobile websites. Sensors tell your device to change the 
orientation of the screen, turn off the lights of the display when you hold your 
phone next to your ear, or direct you the right way when navigating through the 
city. These mechanisms are enabled by motion sensors (accelerometers), light 
sensors (photometers) or position sensors (magnetometers).

“Motion sensors measure acceleration forces and rotational forces along three 
axes. This category includes accelerometers, gravity sensors, gyroscopes, and 
rotational vector sensors” (Android Developers Sensors Overview). In technical 
terms the data registered by motion sensors is called HTML5 device orientation 
property. Out of all the above-mentioned available sensors it was decided to 
specifically focus on motion sensors that are used to retrieve the HTML5 device 
orientation property because accelerometers sense the physical interaction of the 
user’s hands with a mobile device. In contrast to other built-in sensors, motion 
sensors give the user the opportunity to interact spatially with a device and they 
return the device orientation property in an angular system.

As almost every modern smartphone is equipped with a motion sensor the use 
of it on mobile websites offers a lot of untapped potential and a broad audience 
that can be reached. Therefore special focus of this research paper lies on the 
interaction via device orientation. The project is based on the following ques-
tion: How can we use and integrate interaction via device orientation on mobile 
websites?

Figure 1: Angles of Rotation Returned in the Deviceorientation Event



13

Figure 2: Screenshot of the home page of Smashing Magazine

Literature review

Target Audience

Due to the fact that the fi eld of research is on the cutting edge of technology, 
most of the research takes place on the internet. Th e resources used are mostly 
design and development blogs, github pages and online magazines. 

It was found that there is a lack of examples and tutorials in the fi eld of device 
orientation on mobile websites. Th erefore the mission of this thesis project is to 
fi ght this lack and provide useful and cutting-edge examples in the fi eld of using 
device orientation on mobile websites.

To start off  with resources about user behavior on the internet, articles con-
cerning scrolling on websites published by Jakob Nielsen of the Norman Nielsen 
Group and Rebecca Gordon from the UX and research department of the re-
nowned digital production agency HUGE Inc were reviewed. 

mobiForge, an independent online community for mobile web development 
is a valuable resource to gain basic information about technological specifi ca-
tions and web development with device orientation. Online magazines were 
searched for articles that deal with mobile web design and development in 
connection with device orientation. One of these magazines was the renowned 
Smashing Magazine, founded by Vitaly Friedman and Sven Lennartz. Further-
more a popular web design and development blog, Codrops by Manoela Ilic and 
Pedro Botelho, was examined for examples and resources on device orientation. 
In addition, the Design and Dev Feed of CSS Design Awards was investigated for 
showcases linked to the research topic. 

As the background of this thesis is very specifi c in the fi eld of web design and 
development, modern web designers and developers are the target audience. 
Because web workers always must have their hands on the newest technologies, 
they will care about my research work. To reach out to the target audience, social 
media channels, especially Twitter and Facebook, are used as means of commu-
nication. 
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Objective and purpose

The Device Orientation Playground is a website 
that provides examples and tutorials of interaction 
via device orientation on mobile websites for web 
designers and developers to get an insight on and 
learn about cutting-edge mobile web technology.

The result of this research work is a collection of 
examples, published on the website www. 
stefankaltenegger.com. The link “device orientation 

playground” in the main menu guides the users di-
rectly to the examples and tutorials. Here the target 
audience gets technological insights and inspiration 
for their everyday work. The use of device orienta-
tion in web design and development has not been 
well documented, but has a lot of potential. My 
hope is that this resource will have a positive impact 
in the web design and development world.

Because I have learned a lot through showcases and 
tutorials from the internet in the past, I want to use 
this opportunity to give something back to the com-
munity of web developers and designers. 

The work on this research paper brought a huge 
personal benefit in the increase of technical and 
creative skills for my everyday work as a freelance 
web designer and developer. 

“I want to use this opportunity to give 
something back to the community of 

web developers and designers.”
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Today’s internet usage

Th is chapter presents current internet-user statistics with detailed focus on mo-
bile devices. Th e following fi gures stress the urgency for designers and develop-
ers to make their products work well on mobile devices and put more eff ort into 
mobile fi rst/responsive web design. Furthermore this chapter serves as a basis 
and reason for the whole research paper and its practical examples. 

Google Analytics stats from one of my freelance projects (Figure 3) show 
a big trend in mobile devices. At the beginning of April 2016 a website was 
launched for a magic entertainer based in Austria. Aft er one week of tracking 
the statistics showed that more than 60 percent of all sessions during the fi rst 
week came from mobile phones. Another 7.75% were from tablets and only 30 
percent from desktops. 

Th e e-commerce tycoon Amazon Sites has a share of 60.1% mobile visitors 
(Online Marketing Trends).

Aft er some informal statements from Google’s employees about the increasing 
number of mobile search queries on desktop search queries, the company has 
offi  cially confi rmed it happened. It was stated that more Google searches were 
made on mobile devices than on computers in more than ten countries around 
the world, including the US and Japan. Google announced the queries came 
from mobile browsers and Google’s mobile search apps but did not mention 
the relative shares between them. A fact that should be taken into account is 
that Goo-gle counts tablets with desktops. Th is means that the above-men-
tioned statistic is only for smartphones (Sterling).

“It’s Offi  cial: Google Says More Searches 
Now On Mobile Th an On Desktop” 

(Sterling, 2015)

Figure 3: Google Analytics of a freelance project www.christoph-kulmer.at
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Figure 4 shows that we are past the so-called tipping-point. Nowadays there are 
more users on mobile devices than on desktops. It is very likely that the growth 
of mobile users will continue in the future. 

According to the online statistics portal Statista it is predicted that global mo-
bile phone internet user penetration will rise from 52.7 percent in 2015 to 63.4 
percent in 2019 (Statistics and Facts on Mobile Internet Usage). Furthermore the 
global average mobile internet connection speed is forecasted to boost from 2 
Megabit per second in 2015 to 6.5 Megabit per second by the year 2020 (Average 
Global Mobile Network Connection Speeds from 2015 to 2020).

Th e really interesting fact about Figure 5 is it shows that in only twelve months 
the share of mobile-only users overtook the percentage of desktop-only users. 
Although mobile-only users gained only half of a percent during that period, the 
percentage of desktop-only was cut in half. If these trends continue, the ratio of 
mobile-only users will rise and the share of desktop-only users will drop further 
in the future. Out of this we can estimate that more and more people use both 
mobile and desktop devices parallel.

Figure 4: Number of Global Users (Millions) Figure 5: Percentage of single platform internet users
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The numbers in Figure 6 clearly show that in the year 2015 American adults 
spent more time browsing the internet on mobile devices than on desktops. “The 
latest data shows that we are now well past the tipping point [...]. Mobile digital 
media time in the US is now significantly higher at 51% compared to desktop 
(42%). The implications are clear - if you’re not able to reach your audience 
through mobile search or display, or you’re not providing a satisfactory mobile 
experience you will miss out compared to competitors who are” (Chaffey).

Figure 7 shows that vertical screen orientations are trending. This means smart-
phones and tablets. In the year 2015 American adults spent an average time of 
2.8 hours per day on vertical screens. If these trends continue, the time spent on 
desktops/laptops will stay quite constant and the time spent on vertical screens is 
very likely to rise in the future.

Figure 6: Time Spent per Adult User per Day with Digital Media, USA Figure 7: Time Spent on Screens by Orientation (Hours / Day), USA, 2010 – 2015
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Taking the statistics into an international context, 
Figure 8 shows that the mobile phone internet 
user penetration in the Asian-Pacifi c region is 
predicted to rise in every of the countries men-
tioned in the diagram. “According to September 
2015 surveys on mobile internet usage by Internet 
Society (ISOC), 90% of mobile device users in 
Asia-Pacifi c access the Internet every day through 
their mobile device” (eMarketer). “Mobile inter-
net is even more important for users in Southeast 
Asia, where issues with the technology, cost and 
infrastructure of traditional internet access likely 

make mobile networks a more viable alternative. 
Th e same Internet Society survey noted that 52% 
of mobile device users in Southeast Asia and India 
primarily access the internet via mobile device” 
(eMarketer).

According to an online article in the Guardian 
from June 2014, Africa’s claim to be the “mo-
bile continent” is even stronger than previously 
thought. Researchers predict that internet use on 
mobile phones will increase 20-fold in the next 
fi ve years – double the rate of growth than in the 
rest of the world (Smith).

In April 2015, Google introduced a new mobile 
ranking system (Makino and Phan). It was named 
Mobilegeddon by the media (Borodescu). It 
evaluates websites on how well they are prepared 
for mobile devices. It is now easier for searchers 
to fi nd relevant mobile-friendly results on mobile 
devices. Websites that require tapping or zooming 
in order to make content readable will get a bad 
rating and ranking in the search results (Makino 
and Phan). Th is states that designing for mobile is 
essential in order to get a good ranking in Goog-
le’s search in the future. 

Figure 8: Mobile Phone Internet User Penetration In APAC by Country: 2014-2018
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Figure 9: Core Gestures - Basic gestures for most touch commands

The evolution of web interaction

Now that we know about today’s internet usage statistics, let us take a look at the 
development of user behaviour over the last 20 years in terms of interacting with 
websites. 

Th e usability and user-research guru Jakob Nielsen evaluated in 1994 that 
only 10 percent of users would scroll down a website to view content that is 
“below the fold” (Nielsen). Th is term describes content that is not visible when 
a website is initially loaded but can be viewed by scrolling down in the brows-
er. Nielsen furthermore mentioned in 1997 that in more recent studies users 
seemed to get more experience with scrolling web pages with longer content 
(Nielsen). So users already got familiarized to scroll websites. 

Twenty years later a study performed by the digital production agency Huge 
Inc. in the year 2014 under the title “Everybody Scrolls” confi rmed what can be 
derived from its title – everybody scrolls now. Even if there was no hint for the 
user to scroll below the fold, more than 90 percent of users naturally scrolled 
(Gordon and Dody).

What can we derive from this development? In general it says that users 
adapt their behaviour to changes in technology over some time. Th rough the in-
vention of responsive web design, mobile web pages and their content got longer 
in general due to limitations in browser width. Th is made scrolling inevitable on 
mobile devices. 

Due to the fact that smartphones use touch screens, the primary way of interact-
ing with the device is done via touch gestures. Depending on the device the user 
can interact with a diff erent range of gestures. Th e following illustration shows a 
list of the most common touch gestures for mobile devices:
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Now let us think one step further in the development of web interaction men-
tioned in the last chapter. The technology of virtual reality has been emerging 
at an enormous speed over the last years and is getting more and more popular. 
According to the online statistics portal Statista, revenues from virtual reali-
ty products (software and hardware) are predicted to rise from 90 million US 
dollars in 2014 to an enormous amount of 5.2 billion US dollars in 2018 (Statis-
tics and Facts about Virtual Reality (VR)). To view and navigate VR-content on 
mobile devices the user would not only use touch gestures but spatial movement 
of the mobile device.

Why should we use interaction via device orienta-
tion on mobile websites? 

Interaction through device orientation adds a whole new dimension to the 
conventional methods of interaction on mobile websites. As mentioned in the 
chapter “Background”, the majority of modern smartphones is equipped with 
motion sensors. This offers a huge platform to integrate device orientation into 
mobile websites and make future technologies like virtual reality accessible for 
the masses. The device orientation property allows us to enable more complex 
interactions than touch gestures on capable devices. For example it is possible to 
view and navigate 360 images, 360 videos or custom 3D-content through device 
orientation. 

Also on traditional mobile websites, animations triggered through device orien-
tation can add new and unexpected features. Such animations often make up the 
“little big details” of websites that can add a big factor of surprise and unique-
ness. They can set a website apart from competitors.

Given the information and statistics from the chapter “Today’s internet usage” it 
is clear that mobile devices are very important in today’s web design and devel-
opment. We have to take into account that mobile devices differ from desktops 
and laptops in many ways. In order to make good and useful web projects that 
work well on mobile devices we need to know some important constraints like 
physical size and device measurements. 

Interaction via device orientation

Mobile device features
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Popular smartphone specs Popular smartphones

Popular tablets

Screen sizes and physical measurements of smartphones and 
tablets vary due to the huge amount of devices available on the 
market. 

According to a report published by DeviceAtlas, the most 
popular screen resolutions in the second quarter of 2016 range 
from 640x1136px up to 1440x2560px (Quad HD - which is 
also a common resulution for 27 inch desktop displays) (10). 
Furthermore the most popular screen sizes go from 4 to 5.7 
inch with pixel densities between 300 and 500 ppi (pixels per 
inch) (DeviceAtlas 12).

“It seems that 5 - 5.2-inch has been established as the stan-
dard screen size for high-end devices in the Android world” 
(DeviceAtlas 9). “Interestingly, smaller phones are still as popu-
lar as the larger ones. This is especially apparent when we look 
at the 4-inch devices. The web traffic share of the 4-inch screen 
size remains at a very high level in several countries, even 
though you might expect it to drop because there were very few 
4-inch phones on offer. This popularity is likely due to the newly 
released iPhone SE which is now the only widely sold 4-inch 
device” (DeviceAtlas 9).

Name OS Size Physical pixels CSS pixels PPI

Apple iPhone 6/6s  iOS 4.7” 1334x750px 667x375px 326
Apple iPhone 5/5C/5S/SE iOS  4” 1136x640px 568x320px 326
Apple iPhone 6/6S Plus iOS 5.5” 1920x1080px 736x414px 401
Samsung Galaxy S6 Android 5.1” 2560x1440px 640x360px 577
Samsung Galaxy S5 Android 5.1” 1920x1080px 640x360px 441
Samsung Galaxy S4 Android 5” 1920x1080px 640x360px 441

Name OS Size Physical pixels CSS pixels PPI 

Apple iPad Air 2 iOS 9.7” 2048x1536px 1024x768px 264
Apple iPad Mini 4 iOS  7.9” 2048x1536px 1024x768px 326
Samsung Galaxy Tab S2 Android 9.7” 2048x1536px 1024x768px 264

The data above was gathered from www.screensiz.es, www.devicespecifications.com and  
www.mydevice.io/devices.
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Figure 10: Most popular screen resolutions based on web traffi  c in Q2 2016 (p. 1)

Figure 12: Pixel density (PPI) in selected markets based on web traffi  c in Q2 2016 (p. 1)

Figure 11: Most popular screen resolutions based on web traffi  c in Q2 2016 (p. 2)

Figure 13: Pixel density (PPI) in selected markets based on web traffi  c in Q2 2016 (p. 2)
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Practical
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Practical research and method

The plan for this project is to experiment with web technology in connection 
with device orientation. All experiments are performed in an iterative process 
that includes user testing in order to steadily improve the result. The outcome 
of this experimental research work is compiled into a website that features both 
examples and tutorials for all web workers out there. 

A responsive website that contains three examples is created. The website is 
easy to use and navigate for the users. The home page shows an overview of the 
examples and each example/tutorial has an extra detail page where all further 
content and information is displayed. 

The tutorials give information on how the examples were developed, explain 
crucial parts in form of code snippets and provide further information/resources 
for the users in the form of links. 

The first example is called Colorpickr - a color picker web app that works with 
HTML5 device orientation. It maps the three output values of device orientation 
(alpha, beta and gamma) to the HSL-model of colors (hue, saturation, lightness) 
to give designers a fresh dose of colorful inspiration. The tutorial itself explains 
how to map device orientation data to change the HSL-background color of an 
HTML-element. 

In the second example, users learn how to add responsive breakpoints based 
on device width to Matthew Wagerfield’s parallax.js plugin. This plugin enables us 
to animate elements based on device orientation on mobile devices and accord-
ing to mouse movement on desktops. 

We will dive into the world of virtual reality in the third example. In this tutorial 
the users are guided through the process of creating 360 panorama images with a 
simple smartphone app and embedding the image as an interactive element into 
a website. It is possible to view the created panorama image via device orienta-
tion on mobile devices. 

User testing of the examples is steadily performed during the development 
process of this project. The target group for testing is made up of people who 
regularly use the internet on smartphones and are between 20 and 40 years old. 
From a technical point of view examples are tested on the mobile operating sys-
tems iOS in Safari and on Android in Google Chrome.

When the practical examples and tutorials are finished, a Google Analyt-
ics-powered tracker will be developed and installed in order to track the users’ 
behaviour in terms of device orientation on different websites. The output results 
will be presented in diagrams, compared and analyzed. 
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The product

Th e product of this research project is a website that features a series of examples 
and tutorials that show applications of interaction via device orientation on mo-
bile websites for web designers and web developers. 

Infl uences

Two very well known design and development blogs are Codrops (www.
tympanus.net/codrops) and the Web Design and Development Feed by CSS 
Design Awards (www.cssdesignawards.com/design-dev-feed). I have learned a lot 
from the examples and tutorials of these two blogs in the past, and it is of great 
importance for me to contribute something back to the community of web work-
ers out there in the world wide web. 

What diff erentiates my website from the two big players above? All my ex-
amples have dedicated focus on the mobile-fi rst aspect, deal with using device 
orientation for interaction on mobile websites and make future technologies like 
virtual reality for mobile websites more accessible for the public. 

Th e JavaScript plugin parallax.js by Matthew Wagerfi eld can be seen as a relat-
ed precedent work because his plugin deals with animations triggered by device 
orientation. parallax.js is used in one of the examples/tutorials of this research 
project.

Figure 14: Screenshot of the Codrops home page

Figure 15: Screenshot of the CSSDesignAwards Design / Dev Feed
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The website

In order to make this research work accessible for the public, all examples/tu-
torials are available in a special area of my website. It can be accessed via www.
stefankaltenegger.com/device-orientation-playground. Th e section of examples 
and tutorials represents a dedicated area of my personal portfolio website so that 
users can also view my freelance work, personal info and contact details. 

Th e purpose of this area is to serve as a platform for my examples/tutorials in 

a unifi ed and responsive way. Users can view all available examples on a simple 
and clean overview page. From here the users can choose what example they 
want to view and navigate to the desired detail page. Th e example/tutorial details 
page will give basic information like title, subtitle, a general description, author, 
date as well as the tutorial including code snippets, an embedded codepen demo, 
a link to the example in action and links to used resources. 

Figure 16: Responsive design of the overview page Figure 17: Responsive design of the example/tutorial page
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Wireframes

To build a solid basis for the design, 
wireframes for the website were creat-
ed. Their purpose is to clarify all rele-
vant content/elements and to compose 
them into a basic layout for the design. 
The following two figures show the 
wireframes for the overview page and 
for the example/tutorial detail page. 

Figure 18: Wireframe of the overview page

Selected Works               Device Orientation Playground            About               Contact

© 2016 by Stefan KalteneggerContact       Twitter       LinkedIn

HTML5 device orientation color picker Adding responsive breakpoints to parallax.js Capture and embed VR 360 images

The Device Orientation Playground
A collection of tutorials with special focus on device orientation for mobile web developers and designers

www.stefankaltenegger.com/device-orientation-playground

The Device Orientation Playground - Stefan Kaltenegger
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Selected Works               Device Orientation Playground            About               Contact

 

HTML5 device orientation color picker
A tutorial about creating a color picker based on device orientation for mobile devices 

Mapping the device orientation data

We will map the HTML5 device orientation values alpha, beta and gamma into HSL values and apply them to 
a div as background color. Make sure to view this pen on a mobile device with motion sensors.

Credits and references

HTML5 Device Orientation: 
https://mobiforge.com/design-development/html5-mobile-web-device-orientation-events
AngularJS: www.angularjs.org
Angular Material Framework: https://material.angularjs.org/latest/

by Stefan Kaltenegger

04/18/2016

Title Image

<-- Back to overview

 

Codepen 

V I E W  C O D E P E N  D E M O V I E W  F U L L  P R O J E C T

www.stefankaltenegger.com/device-orientation-playground

The Device Orientation Playground - Stefan Kaltenegger

© 2016 by Stefan KalteneggerContact       Twitter       LinkedIn

Previous
Capture and embed 360 images to HTML

Next
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Figure 19: Wireframe of the example/tutorial detail page
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Figure 20: Design of the overview page

Th e website is designed in a clean, 
elegant and responsive way so that 
content is easily viewable on all kinds 
of mobile devices as well as desktops. 
To stay cohesive with the overall style 
and design of my portfolio website, 
all colors and fonts from the existing 
website are used. Great focus lies on 
good readability and seamless respon-
sive design.

Design
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Figure 21: Design of the example/tutorial detail page
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Figure 22: Overview of examples/tutorials in the Wordpress backend

Th e backend of the website is powered by the con-
tent management system Wordpress because it 
enables users to easily maintain all contents. Th e 
Wordpress plugin Yoast SEO helps to equip the page 
with important tags for search engine optimization 
because the examples should of course be found via 
Google search. 

Th e frontend uses HTML5, PHP and preproc-
essed CSS with the help of SASS. In order to have 
high fl exibility and maintainability in the stylesheets 
the CSS preprocessor SASS was used. Furthermore 
the CSS-code was minifi ed to speed up the perfor-
mance of the page. 

All JavaScript was compiled with requireJS using 
the popular task-runner Grunt and then minifi ed 
and uglifi ed for performance reasons. 

Technical information

Figure 22: Overview of examples/tutorials in the Wordpress backend
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Th e fi rst example/tutorial focuses on applying HTML5 device orien-
tation data on mobile websites. It shows the audience how the three 
angles (return values) of device orientation Alpha, Beta, and Gamma 
can be applied on mobile websites in a creative way. Th erefore it was 
decided to create a color picker web app that shows HSL-colors (Hue, 
Saturation, Lightness) on mobile devices according to how you rotate/
tilt your device. Furthermore the web app is capable of saving colors 
to local storage, view saved colors and delete previously saved colors. 
“With local storage, web applications can store data locally within the 
user’s browser” (HTML5 Local Storage).

E X A M P L E  1

HTML5 device 
orientation colorpicker 

Figure 23: Mockup of the Colorpickr web app

Tutorial 
www.stefankaltenegger.com/playground/
html5-device-orientation-colorpicker

Demo 
www.stefankaltenegger.com/colorpickr
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Th e following illustrations show the wireframes and interactive concept.

hsl(178, 100%, 59%)
#2e�f8

Save picked color

Background color 
changes according
to device orientation

Colorpickr

hsl(100, 50%, 70%)

Delete color from
the list

View color in 
fullscreen modeMy Colors

hsl(200, 50%, 40%)

hsl(359, 50%, 50%)

Hue
360˚ rotation

Lightness
+/- 20˚ rotation

Saturation
+/- 20˚ rotation

Figure 24: Wireframes and interactive concept of ther Colorpickr web app

Wireframes
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In order to create a humble and colorful user interface, Google’s Material Design 
framework was chosen as a basic style guide.

The Colorpickr web app was built using HTML5, CSS3, AngularJS and the An-
gular Material UI-component framework, which can be found at https:// 
material.angularjs.org/. 

User testing has shown that mapping the device orientation values Alpha, Beta 
and Gamma to RGB (Red, Green, Blue) values may not be the most intuitive and 
understandable way for the user. Therefore it was decided to change the color 
model to HSL (Hue, Saturation, Lightness) because it uses 360 degrees for the 
hue (matching the 360 degree angle of device orientation Alpha) and percentage 
values for saturation and lightness (Beta and Gamma angles).

Design

Technical information

User testing, iterations and findings

Figure 25: Design of the Colorpickr web app



35

In some cases makers of websites want to move elements triggered by device 
orientation on desktops and tablets but not on smartphones because of a possi-
ble layout change. The purpose of this tutorial is to show users how to add re-
sponsive breakpoints to the JavaScript engine parallax.js by Matthew Wagerfield 
(http://matthew.wagerfield.com/parallax). In other words, a mechanism to ma-
nipulate the behaviour of the parallax-engine according to the device width was 
created. 

Breakpoints are the points (mostly pixel widths) at which websites change in 
some aspect to present content to the user in the best possible layout (Defining 
Breakpoints). parallax.js moves elements on websites according to device ori-
entation on mobile devices. On desktops the effect is triggered by mouse move-
ment. 

The code of this showcase was also used to trigger device orientation-based 
animations on a freelance project for the Austrian magician Christoph Kulmer, 
viewable at www.christoph-kulmer.at.

E X A M P L E  2

Adding responsive  
breakpoints to parallax.js

Figure 26: Mockup of the parallax example

Tutorial 
www.stefankaltenegger.com/playground/ 
adding-breakpoints-to-parallax-js

Demo 
www.stefankaltenegger.com/parallax
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Th e following illustration shows the wireframes and 
interactive concept.

As this technique was used on the website of a magician, elements of 
his design are in the theme of this example. 

Figure 27: Wireframes of the parallax example Figure 28: Design of the parallax example

Wireframes

This text is moving on desktops and tablets 
but not on smartphones. 

Tilt your device to 
add some magic.

This text is moving 
on desktops and 

tablets but not on smartphones. 

Tilt your device to 
add some magic.

Background image 
moves according to 
device orientation

Animated mobile 
device icon

Design
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As already mentioned in the general description of this example, the JavaScript 
engine parallax.js was used to animate elements via device orientation on mobile 
devices and via mouse movement on desktops. To react on changes to the brows-
er’s window width (resizing of the window), a so-called debounced resize event 
listener was applied using JavaScript. This means that a specified function gets 
called only once after a window was resized. This method has a big advantage to 
the standard JavaScript window.onresize-event because window.onresize can fire 
multiple times during the period of time the window changes its dimensions and 
can therefore be a performance overhead. 

The example shows text and a screen-filling background image that are both 
animated by the parallax-engine. In one of the earlier iterations the background 
image moved inside the bounds of the screen, which created an unwanted visual 
effect (see Figure 29). This issue could be fixed via some adaptations in the CSS 
and in the parallax-function call. 

Through user testing it was discovered that users need to be informed that the 
interaction via device orientation in the context of a mobile website even existed 
and that tilting of the device has an effect on the website. Therefore a little notice 
that tells the user to tilt the device in order to experience the parallax-effect was 
added.

Technical information

User testing, iterations and findings

Figure 30: Little notice to inform the user about the parallax effect

Figure 29: Bug in an early iteration of the parallax example
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Th e goal of this tutorial is to guide users through creating a 360 panorama image 
with nothing more than their smartphones and embedding the photo into a web-
site so that they can experience the panorama via moving their mobile device. 
On desktops users can discover the 360 image via dragging the mouse cursor. 
In contrast to other virtual reality devices like the Oculus Rift  or the HTC Vive, 
which are more complicated and inaccessible than smartphones, this example 
off ers an easy and accessible way of both creating and experiencing virtual reality 
content.

Th e embedding is achieved via MozVR’s A-Frame JavaScript API. It allows 
users to switch to a WebVR view so that they can use Google Cardboard to easily 
experience the 360 panorama in a virtual reality environment. 

E X A M P L E  3

Capture and embed 
VR 360 images

Tutorial 
www.stefankaltenegger.com/playground/
capture-and-embed-vr-360-images

Demo 
www.stefankaltenegger.com/360pano

Figure 31: Mockup of the 360 panorama demo
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Th e wireframe (Figure 32) shows the concept of navigating a 
360 panorama image on a smartphone via spatial movement 
(device orientation). It works the same on every device that 
is equipped with motion sensors. On desktops the panorama 
image can be explored via dragging the mouse cursor.  

For creating 360 panorama images the mobile app “360 Panorama” by 
Occipital Inc. was used because it off ers an easy and accessible way to 
create 360 panorama images and lets users export the taken images to 
their devices or send them via email. Currently the app is available for 
iOS and Blackberry. Th e web virtual reality framework A-Frame by 
MozVR off ers a nice and easy toolset for developers to integrate 360 
panorama images into websites in an innovative and interactive way. 

Wireframe

Technical information

Design
rotate and tilt device for 360˚ view

Figure 33: Design of the 360 panorama example

Figure 32: Wireframe of the 360 panorama example on smartphones
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At fi rst it was planned to create the 360 images with Google’s Street View app be-
cause it off ers an easy way to take 360 images with smartphones. Aft er some trial 
and research it turned out that the app does not allow users to export the created 
panorama images for any further use. It was only possible publish the created 
images to Google Street View. 

Th erefore the search for alternatives was continued and the “360 Panorama” 
app mentioned in the technical information was found. Aft er taking several test 
images with the 360 panorama app it was found that the process of taking 360 
images was very easy. In some cases the produced images had anomalies due to 

inaccurate stitching of the single images taken during the process of creation. 
Th is eff ect can be seen in Figure 34. 

Overall user testing has shown big interest and fascination by users viewing 
the 360 panorama image on mobile devices. Although the Google Cardboard 
view (see Figure 34) is an innovative feature it may not be the most practicable 
because mounting your phone inside a Google Cardboard requires time and 
makes the process of viewing 360 panorama images on mobile websites more 
complex and time consuming. 

User testing and iterations

Figure 34: WebVR view for Google Cardboard
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Tracking

orientation

device 
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In order to collect empirical data about the users’ behaviour in terms 
of device orientation, a custom Google Analytics-powered tracker was 
developed. Th is tracker logs the device’s orientation – the three angles 
Alpha, Beta and Gamma – once every second. 

In comparion to a planned user test where a person for example 
sits at a table, this method tracks the users’ behaviour in the real world. 
It allows us to evaluate approximate limits of each device orientation 
angle and to compare values from diff erent websites. We can check if 
users of mobile websites take advantage of features that work in con-
nection with device orientation. For example in the case of 360 pano-
rama images, we can track activity in diff erent Alpha angles and possi-
bly identify hotspots where users spend a lot of time looking at.

Th e tracker was programmed in JavaScript with the help of 
isMobile.js by Kai Mallea to check if the user surfs with a mobile 
device and Full-Tilt, a JavaScript device orientation plugin by AdTile 
Technologies that lets us uniform the equalize values from Android 
and iOS devices. 

var gaCount = 0;

  if(isMobile.any){  
      //type:game is important to equalize Alpha values for Android and iOS devices  
      var deviceOrientation = new FULLTILT.getDeviceOrientation({‘type’: ‘game’});
                 
          setInterval(function() {
                
            if (deviceOrientation) {
                  
              var event = deviceOrientation.getScreenAdjustedEuler(); 
              var alpha = Math.round(event.alpha); //returns 0 to 360
              var beta = Math.round(event.beta);   //returns -180 to 180
              var gamma = Math.round(event.gamma); //returns -90 to 90
            
              if(gaCount < 1) {
                 ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Alpha Landing’, alpha, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Beta Landing’, beta, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Gamma Landing’, gamma, {‘nonInteraction’: 1});
                 gaCount++;
              }
                   
                 ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Alpha’, alpha, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Beta’, beta, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Gamma’, gamma, {‘nonInteraction’: 1});
            }  
                
          }, 1000); //Run once per 1000 milliseconds
    } //end isMobile.any

The tracking method

var gaCount = 0;var gaCount = 0;

  if(isMobile.any){    if(isMobile.any){  
            //type:game is important to equalize Alpha values for Android and iOS devices 
      var deviceOrientation = new FULLTILT.getDeviceOrientation({‘type’: ‘game’});      var deviceOrientation = new FULLTILT.getDeviceOrientation({‘type’: ‘game’});
                                  
          setInterval(function() {          setInterval(function() {
                                
            if (deviceOrientation) {            if (deviceOrientation) {
                                    
              var event = deviceOrientation.getScreenAdjustedEuler();               var event = deviceOrientation.getScreenAdjustedEuler(); 
              var alpha = Math.round(event.alpha); //returns 0 to 360              var alpha = Math.round(event.alpha); //returns 0 to 360
              var beta = Math.round(event.beta);   //returns -180 to 180              var beta = Math.round(event.beta);   //returns -180 to 180
              var gamma = Math.round(event.gamma); //returns -90 to 90              var gamma = Math.round(event.gamma); //returns -90 to 90
                        
              if(gaCount < 1) {              if(gaCount < 1) {
                 ga(‘send’, ‘event’, ‘Device Orientation’,                  ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Alpha Landing’, alpha, {‘nonInteraction’: 1});       ‘Alpha Landing’, alpha, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’,                  ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Beta Landing’, beta, {‘nonInteraction’: 1});       ‘Beta Landing’, beta, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’,                  ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Gamma Landing’, gamma, {‘nonInteraction’: 1});       ‘Gamma Landing’, gamma, {‘nonInteraction’: 1});
                 gaCount++;                 gaCount++;
              }              }
                                      
                 ga(‘send’, ‘event’, ‘Device Orientation’,                  ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Alpha’, alpha, {‘nonInteraction’: 1});       ‘Alpha’, alpha, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’,                  ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Beta’, beta, {‘nonInteraction’: 1});       ‘Beta’, beta, {‘nonInteraction’: 1});
                 ga(‘send’, ‘event’, ‘Device Orientation’,                  ga(‘send’, ‘event’, ‘Device Orientation’, 
       ‘Gamma’, gamma, {‘nonInteraction’: 1});       ‘Gamma’, gamma, {‘nonInteraction’: 1});
            }              }  
                                
          }, 1000); //Run once per 1000 milliseconds          }, 1000); //Run once per 1000 milliseconds
    } //end isMobile.any    } //end isMobile.any

t1 tJavaScript
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TRACKED EVENTS

ACROSS

PERFORMED BY

USED

WEBSITES

31,249 3

TOTAL USERS

154
SESSIONS

173

82% 
mobile phones

53% 
iOS

46% 
Android

1% 
Windows 

Phone

18% 
tablets

Figure 35: Device orientation tracking infographic
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Th e diagrams show the percentages of how frequent-
ly each Alpha angle was tracked on the home page 
of www.stefankaltenegger.com and the 360 panorma 
example www.stefankaltenegger.com/360pano (red 
overlay). It seems that the alpha values on the home 
page usually range within a distance of +/- 15 degrees 
around 0/360 degrees on the home page whereas 
the values of the 360 panorama also distribute more 
between 60 and 340 degrees. 

As there was no instruction or hint on how to use 
the 360 panorama example with device orientation, 
interaction via device orientation seemed to take 
place naturally and intuitively. Th e data of the 360 
panorama shows a peek at 51 degrees. Th is might 
indicate a place in the image where people frequently 
look at. 

Th e diagram on the bottom shows a closer look 
at the distribution of percentages in the area between 
60 and 300 degrees. It can be seen on the red overlay 
that the 360 panorama indicated more action in this 
area. 

Figure 36: Alpha angle comparison between home page and 360 panorama example

Figure 37: Closer look at Alpha angle comparison between home page and 360 panorama example
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The infographic on the left compares the ranges of Beta 
angles from four different web pages. Traditional respon-
sive web pages range between 0 to 90 degrees and may as 
well extend to 130 degrees. The area between 90 and 180 
degrees may have been tracked from people lying on a 
sofa, a bed or something like that. 

The angles from the 360 panorama clearly top the 
limit values of the other investigated pages as the users 
seemed to tilt the device more in order to discover the 
full 360 panorama image. 

Figure 38: Ranges of tracked Beta angles of four different pages
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Figures 39 and 40 show the percentages of how 
frequently each Gamma angle was tracked on the 
home page of www.stefankaltenegger.com and the 360 
panorma example which is viewable on 
www.stefankaltenegger.com/360pano (red overlay). 
Th e Gamma values on the home page are popular 
near 0 degrees within a distance of +/- 25 degrees. 

Th e red overlay shows the distribution of gamma 
angles tracked on the 360 panorama example. It can 
be seen that the values on the overlay are distributed 
in a wider range than the ones on the home page. 
Th is comparison may be an indication that the inter-
action via device orientation in case of 360 panora-
mas is done naturally (and without any instruction) 
by the users.  

Figure 39: Gamma angle comparison between home page and 360 panorama example

Figure 40: Closer look at Gamma comparison between home page and 360 panorama example
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Figure 41 shows that the event counts for Alpha, Beta and Gamma do 
not equal even though an equal amount of requests via the custom 
device orientation tracker was sent. Th is issue might come up due to 
a limit/quota for event requests by Google’s Analytics service to avoid 
server overloads. 

Inside Google Analytics the tracked event data can be found in the 
main menu under Behaviour -> Events -> Overview. Th e screenshot at 
the bottom (Figure 42) demonstrates a typical view of the most popu-
lar tracked values for the Alpha angle of the website www.
christoph-kulmer.at in Google Analytics. Th is data then was exported 
to a Google Spreadsheet and from there copied into a custom made 
MS Excel fi le where the diagrams for the empirical chapter of this 
paper were made. 

Figure 41: Diff erent event count of Alpha, Beta and Gamma in Google Analytics

Figure 42: Most popular Alpha event labels of www.christoph-kulmer.at

Notes on tracking
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Figure 43: Warning in Google Chrome’s developer console

Findings and future plans

In general it was found that interaction via device 
orientation has great potential and off ers many 
possibilites to be used on the mobile web. On 
conventional responsive websites some kind of hint 
or instruction for the users on how to use it seems 
to be needed. Th is is because users don’t seem to 
expect features related to device orientation on 
traditional responsive websites. In examples where 
interaction immediately changed the whole screen 
like 360 panoramas the users did not seem to need 
any further instructions on how to use it because 
they tilted and rotated their phones intuitively. 

As there is still not really a big knowledge base on 
the web on interaction with device orientation a 
lot of user testing was required to fi gure out things 
that work intuitively and fi nd issues where the user 
needed a hint for example. 

A very important fi nding is that iOS and An-
droid devices basically return the Alpha angle of 
device orientation in a diff erent way. While iOS sets 
Alpha to 0 on page load, Android devices use the 
compass direction as the initial value for the Alpha 
angle. Another signifi cant issue to consider when 
using device orientation in the future is that Goo-

gle Chrome shows a warning in its developer tools 
console stating that the HTML5 device orientation 
event will be deprecated for insecure origins (non-
HTTPS websites) in the future. So better equip your 
websites with HTTPS to be safe in the future. 

When it comes to tracking device orientation 
events, Google Analytics may only be a solution for 
the short term because there seemed to be limits in 
the number of requsts per second. On the long run 
a diff erent/proprietary tracker that has no request 
limits may be taken into consideration.
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Figure 44: Facebook sharing preview of the 360 panorama tutorial Figure 45: Twitter sharing preview of the 360 panorama tutorial 

Th e tracked device orientation data from three dif-
ferent website showed that most people hold their 
phone with a Beta angle between 0 and 90 degrees. 
Th is range got extended the more interactivity with 
device orientation was off ered – for example on a 
360 panorama. 

As investments and capital in the fi eld of virtual 
reality are forecasted to dramatically rise over the 
next years, it can be estimated that we are just at 
the beginning of seeing the fi eld of virtual reality 

emerge. Google Cardboard may be a nice and cheap 
way to experience VR but it is rather improbable 
that people use it to view contents on a mobile 
website. 

For the future it is planned to expand the range 
of examples and tutorials at the Device Orientation 
Playground in order to become a constantly inter-
esting and valuable resource on the internet for web 
designers and developers. Th e social media chan-
nels Twitter and Facebook are staying the primary 

means of communication with the specifi ed target 
group. 

In a more personal way the skills gained through 
this paper will fi nd further places of application in 
future freelance projects. Last but not least, dis-
covering new grounds and technologies keeps me 
being passionate about my everyday work as a web 
designer and developer. 
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Conclusion

Already back in the year 2009 the mobile-first 
pioneer Luke Wroblewski described the mobile web 
as the next big computing platform (Wroblewski). 
Today’s statistics show that the web is mobile now 
and designers and developers all around the globe 
are asked to focus on making websites that especial-
ly excel on mobile devices.

This technical research project sees its mission to 
inform and educate web designers and developers 
about the enormous possibilities of modern web 
technology in connection with device orientation 
on mobile websites. This project incorporates exam-
ples of using device orientation in mobile web apps 

and for applications in traditional responsive web-
sites. Furthermore it shows that mobile phones can 
help users both create and experience virtual reality 
content, which is a major reason to focus on mobile 
device orientation in the future. 

The Device Orientation Playground pushes the 
boundaries of mobile web technology and makes 
virtual reality in browsers more accessible to the 
public. It is a personal contribution, intended to 
give something back to the great community of web 
designers and developers that work hard and try to 
make the web a better place everyday. 
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Glossary

AngularJS
“Google’s AngularJS is a structural framework for dynamic web apps. It lets you 
use HTML as your template language and lets you extend HTML’s syntax to ex-
press your application’s components clearly and succinctly. Angular’s data bind-
ing and dependency injection eliminate much of the code you would otherwise 
have to write. And it all happens within the browser, making it an ideal partner 
with any server technology.” (What Is Angular?, 2016) Angular introduces a new 
syntax through a construct, the so-called directives. It enables you to bind data, 
control DOM structures for repeating, showing and hiding elements or manage 
forms and form validation. Furthermore you can easily attach event handlers to 
elements and group HTML into reusable components. Additionally Angular can 
handle routing and deep-linking (What Is Angular?). 

A-Frame
“A-Frame is an open-source framework for easily creating WebVR experiences 
with HTML. It is designed and maintained by the Mozilla VR team (MozVR). 
A-Frame wraps three.js and WebGL in HTML custom elements. This enables 
web developers, designers, and artists to create 3D/VR scenes without having to 
learn WebGL’s complex low-level API. Because WebGL is ubiquitous in modern 
browsers on desktop and mobile, A-Frame experiences work across desktop, iOS, 
Android, and Oculus Rift headsets” (FAQ – A-Frame). Furthermore it is possible 
to view A-Frame scenes with the help of Google Cardboard. 

As a beginner you can start with primitive objects like cubes, videos, models 
and skies. More advanced users can create interactive scenes with the help of 
some JavaScript programming. Due to the fact that A-Frame is just an abstrac-
tion layer, it is possible to do anything that three.js can do with this framework. 
Basically every device equipped with motion sensors can be used to navigate 
through scenes with device movement. On desktops and laptops you can nav-
igate through the three dimensional world of A-Frame via dragging the mouse 
cursor. Currently it offers no support to tap on objects on mobile devices (FAQ 
– A-Frame).

CSS3
CSS3 is the third level of the so-called Cascading Style Sheets language and the 
latest standard for CSS. It is used to style elements from HTML documents and 
also allows to animate them. Furthermore it is fully backwards-compatible with 
earlier versions of CSS (CSS3 Introduction). 

CSS3 Animation
CSS3 animations allow animation of most HTML elements without using Java- 
Script or Flash. In comparison to a normal transition, animations can have key 
frames and be repeated (CSS3 Animations). 
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CSS3 Transform
The transform property applies a 2D or 3D transformation to an element. This 
property allows you to rotate, scale, move, skew, etc., elements (CSS3 Transform 
Property).

HTML5
HTML5 is the 5th major version of the World Wide Webs core language called 
Hypertext Markup Language (HTML). With this revision many new features like 
device orientation or offline storage were added to its functionality. Furthermore 
new markup elements were introduced (HTML5). 

HTML5 device orientation
This paper primarily focuses on the HTML5 device orientation property which 
enables developers to retrieve information about how the device is oriented in a 
three dimensional system. The parameters (angles) alpha, beta and gamma de-
scribe the orientation of the device each in a numerical value. Alpha represents 
rotation of your device around the z-axis ranging from 0 to 360, Beta around the 
x-axis from -180 to 180 and Gamma around the y-axis from -90 to 90 (Device 
Orientation Events). 

JavaScript
JavaScript is a script language for web browsers that can manipulate the elements 
of the DOM-tree at runtime at the client side. Nowadays it can even be used both 
on the client and server side. Especially through the various JavaScript-frame-
works that came up during the last years, the script language evolved to an 
efficient and powerful tool for web developers. 

Parallax.js
parallax.js is a JavaScript engine developed by Matthew Wagerfield. It is able 
to manipulate the position of HTML-elements according to device orientation 
on mobile devices. On desktops (devices where no motion sensor is available) 
it reacts to the movement of the mouse cursor. Within the functionality of this 
engine it is possible to configure parameters like the maximum range of motion, 
friction, scale of movement or origin points. The plugin is available for native Ja-
vaScript use or as jQuery/Zepto version. For the development of native iOS apps 
there is also version for the iOS platform available (Wagerfield).
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