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Mobile addiction has become a growing phenomenon that affects individuals and society. In this report, a quantitative approach will be carried out to understand how people use their smartphones and tablets. 

First, a survey on 86 participants was collected then analysed for further research, and data collection opportunities. Survey results found that 55% of respondents used social media the most when comparing to other categories, with 69% using their device the most during evenings. 58% of respondents said they were somewhat dependent, rating their usage as medium on a Likert scale. 

To measure how people use their device in the wild, an Android app called Consume was developed. Data was collected from consenting participants over 29 days. During that time, 75 days’ worth of data was collected from participants (n = 3). Participants collectively spent 501.24 hours using 117 different apps, opening 22698 apps among them.

Results found that participant usage progressively increased as it came to the weekend, with the highest usage spent during weekends. On average, participants spend 7.66 hours on their device on weekends, with one participant averaging 11.52 hours on Saturdays. When averaging out participant daily usage, and extending it to the rest of the year, it is expected that the participant with the highest usage will use their device for 33.57% of the year.
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Technology is deeply involved in modern day society. So much so, that we are becoming increasingly dependent on it in both our personal and working lives. Children and adults are spending more time using technology, however it is important that we understand why we are using it for longer, its effect on our health (both physically and mentally), and the impact this may have on our lives.

Mobile addiction can be considered a form of psychological dependency to not only smartphones, but other kinds of technologies. Some of the behaviours shown in mobile addicts were similar to those affected by other addictions such as gambling and drug/substance abuse, however due to this addiction being of a non-chemical nature, it is categorised as a behavioural addiction.

In certain countries, mobile addiction has become a growing concern, that governments have started making changes in the efforts to reduce its effects on citizens, with countries like South Korea opening web addiction treatment clinics, and France banning mobile phones from classrooms as of this September.

[bookmark: _Toc512463123]Aim

The aim of this report is to understand how people use their smartphones and tablets, why are certain apps more addictive then others, and how technology has changed over the years to become what it is now. 

This aim is not to solve the root causes of mobile addiction, or to diagnose high usage users to having an issue, but to help them make sense of their app usage, and how much time is being spent on this technology. After providing the user with their data, it is down to them to act upon the results, should they choose to do so.

During the early stages of the report, an online survey will be conducted to understand usage and dependency to this technology, results collected from the survey will help understand what types of data might be of interest to collect/measure with the development of an application, and what fields may need further investigation.

An Android application called Consume will be developed, which will observe consenting participants over the duration of a month and collect their usage data daily in the background. Participants do not need to interact with the app, however it can show them how much time they spend on each application (up to the last 7 days), among other metrics. Data collection is anonymous, and findings will be given during the analysis phase.



[bookmark: _Toc512463124]Objectives

To satisfy the aim, the following actions will be conducted:

· Conduct a survey
· Research into mobile application, the cause and effects to mobile addiction
· A mobile app will be observed to see what practices are being used to get users addicted to it
· Produce an Android app that will collect usage data from consenting users
· After collecting usage data for about a month, to analyse, compare to survey results, and give findings

[bookmark: _Toc512463125]Structure of the Report

The report will be spilt into the following sections, literature review, methodology, design & implementation, analysis, evaluation, conclusion, and reflection.

[bookmark: _Toc512463126]Literature Review

In an Ofcom marketing report [1], text messages were the most used means of daily communication among friends and family. Five years later, emoji’s became UK’s fastest-growing language [2], the number of smartphones users increased from 37% in 2012 to 76% during the first quarter of 2017 [3], with adult smartphone users in Wales growing by 9% in the last year to 74% [4]. Tablet users has also grown by 49% since 2012, to 58% [5]. These statistics demonstrate the widespread usage and growth of smart devices.

In 2014, Google I/O [6] disclosed in a Keynote that there were 1 billion ‘30-Day Active Users’, with phones being checked 100 billion times per day on the Android platform. This figure accounts for roughly 85% of the world’s mobile market share (in units shipped) [7].

When Ofcom asked adult residents in Wales (2016 report): which communication types are they using more, when compared to the last two years, results [8] found that in person communication had only increased by 12%. This figure represents 770 adults in Wales, however, it would be interesting to compare these results with teenagers in Wales. The following outlines the increase in communication types in Wales:

(1) 64% – Email
(2) 40% – Text messaging/SMS
(3) 36% – Phone calls
(4) 26% – Social networking
(5) 24% – Instant Messaging (IM)
(6) 19% – Landline calls
(7) 12% – In person

From the list above, the top five points can be performed on smart devices. 

With more users transitioning over to smart devices, and prioritising online communication over physical, reliance on these technologies is a growing concern, as are the potential for adverse effects on individuals, and how it affects all of us, regardless of age. 

[bookmark: _Toc512463127]Overview

In this section, areas researched will range from the history of mobile application, to how technology has become an integral part in our daily lives. Technologies of the present day will be briefly discussed to outline what they are, and what they can offer us. 

Following this, the more darker side to technology will be examined, as many individuals and researchers fear that technology is becoming addictive, affecting how we interact with each other, to influencing how we live and make decisions.
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A mobile application, or mobile app, is a software application, that has been designed and developed to work on a portable device, such as a phone or tablet. Apps are written in a programming language, then compiled into an executable, that can be read by the Operating System (OS) of the device.

To understand the history of mobile application, you would need to go back to the twentieth century with the advent of arcade games, calculators, and ringtone editors. When researching its history, some claim that Steve Jobs was the one to predict the evolution of mobile apps, where the app could be downloaded and installed through the device itself [9].

Into the late twentieth century, mobiles experienced a boost in development of applications and content. The first commercially available phone with mobile applications, was the Motorola DynaTAC 8000X [10]. Available in the USA from 1984 then 1985 in the UK, the device was retailed at $3995 [11], [12], with expensive monthly costs for making calls. Device took 10 hours to fully charge, offering 30 minutes of call time. Device was equipped with a small Light-emitting Diode (LED) screen that could display or recall up to 30 contact numbers.

[bookmark: _Toc512463129]The Original Smartphone

Moving forward to 1993, IBM developed the first smartphone, Simon. Not only was this capable of making phone calls, but could send and receiving fax messages, emails, and pagers. Other included apps and features were calculator, notepad, sketchpad, calendar, ability to schedule appointments, world time clock, handwritten annotations, memory management (backup and restore), including standard and predictive keyboards [13], [14].
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Prior to the late nineties, cellular networks ran on 1G. This was the first generation of mobile telecommunications, that relied on analog frequency since the 1980s. Then came 2G (aka. GSM). To name a few benefits over the earlier generation, voice and packet data was now encrypted [15], used less power consumption to power the radio signal, better call quality (less noise), and the introduction to services such as SMS. This transition to 2G also meant that transmissions were now digital, allowing modern smartphones to utilise newer technology.

With mobile phones becoming popular, handset manufacturers were adding more features such as apps to their devices to make them more appealing. Increased competition among manufacturers meant that development of the phones needed to be kept isolated [16], to prevent exposure with how the device was produced. This also meant that developers who wanted to produce applications for the phone, were not allowed to do so.
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In 1998, Nokia put a variant of the popular 1970s game Snake on their phones. This became very popular as the game was introduced to a larger audience. Later, Nokia continued this trend by putting Snake pre-installed on newer phones, but with in-game improvements. This trend continues, with the new Nokia 8110 4G, expecting release in 2018 with Snake 2017 installed.

[bookmark: _Toc512463132]Push for change

Following this, other games such as Tetris and Pong were added to handsets. As time went on, customer belief also changed, as handsets were not limited to business or communicative purposes but can now be other things too.

With the internet in full swing, customers wanted more features from their phones. It was down to manufacturers to offer a solution. Services such as news and entertainments were desirable, however manufacturers still did not want to give device access to third parties, and sought alternatives. The solution was to introduce wireless networks to phones and use the internet.

During this era, websites were not responsive, but used flash and JavaScript to make them appear more interactive, and HTML tables were used as a cheat way to manage how the page is presented. 

With mobile internet being a new commodity, much of the web was not mobile friendly, took a very long time to load as phones had low bandwidth and high network latency, scaled poorly as they could not perform like a desktop computer, and offered poor user experience to name a few limitations [17]. Also, with web pages taking very long to load, and mobile carriers charging by the minute, costs accumulated fast, with a large part of the cost based on user wait. To combat these limitations, Wireless Application Protocol (WAP) was developed [18].
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The first generation of WAP (or WAP1) was released in 1998. Now obsolete, this protocol did not use HTTP as its application layer, nor did it employ many of the internet standards used at the time [19]. WAP pages were written in Wireless Markup Language (WML). WML is a based-on XML, now obsolete. This format was created in 1998 as a substitute until WAP could support standards such as HTML and XHTML. 

Although WAP1 was basic, it meant that manufacturers could develop their own web browsers that supported WAP, allowing third party developers to produce content for the phone without giving them device access. However, this came at a cost as developers were not able to produce content that offered the same experience as a mobile application.

Pages through WAP offered limited service such as a catalogue for ringtones or wallpaper, allowing for basic customisation. However, as WAP had no kind of integration to allow for online payments, content providers would often route the service through a premium number to pay for the product [20]. It was then down to the content provider to serve up the content in the proper format/dimensions based on the user’s phone.
 
As phones were changing to the market and needing more features, it made sense for the device to perform similarly to a computer by having a dedicated operating system.
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With the launch of the Ericsson R380 in 2000, Symbian was the first device that was marketed as a ‘smartphone’ [21], and ran on a mobile OS. Device offered PDA functionality, and basic web browsing, however, users were not allowed to install applications onto the device.
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Moving forward to 2007, Apple first released its iPhone after years of speculation that Apple would produce a phone [22]. In the 2007 San Francisco Macworld Keynote, Steve Jobs highlighted the iPhone for its three main features, ‘widescreen iPod with touch controls’ (music app), ‘Revolutionary mobile phone’ (phone app),  and ‘breakthrough internet communications’ (Safari web browser) [23]. Other features include, Photos library, Mail (IMAP and POP email), Maps (promoted and demoed as Google Maps), Widgets (stock information), Weather, Calendar, Camera, with WiFi and edge networking. 

With the introduction to the iPhone, it became global sensation, and took the phone industry by storm. From the huge success of the iPhone, mobile manufacturers have taken inspiration, and improved their products.

Apple App Store

On July 10th 2008, Apple opened the App Store with 10 million apps downloaded in the first week [24] with a library containing over 500 apps [25]. The App store enables users to browse and download apps to their device. As of June 2017, Apple stated that app developers have produced a collective earning of over $70 billion [26] since its release in 2008.

The App Store has changed how apps are distributed worldwide, with many developers using these platforms to promote their apps. However, it is worth knowing that the App Store was not the first platform to become popular on iPhone, as many took forth to enhance their smartphones through Jailbreaking.

Jailbreaking

Jailbreaking is to modify the device so that the user can get root access over it, allowing for the installation of apps, games, themes, or tweaks that are unavailable through the App Store, or have been banned from the store. It has existed since the first iPhone in 2007. As Apple products run in a Unix-like family, the term ‘jail’ from Jailbreak is used in other examples, for example ‘Chroot Jail’ or ‘FreeBSD Jail’. The definition would be to remove the item from its so called ‘jail’. 

When bypassing these restrictions, user can enhance their experience, even adjust the system UI adding new features, or remove the carrier lock on the device. 

To Jailbreak a device, it is both legal and free to do, however it does void the warranty should the user return the item or send it to Apple for repairs. In the past, Apple has attempted to make Jailbreaking illegal [27], stating it infringes on Copyright, and is a Digital Millennium Copyright Act (DMCA) violation, but did not succeed [28]. 

After Jailbreaking a device, the user will have Cydia pre-installed. Cydia is a package manager app, released before the App Store (February 28th, 2008), and compatible with all Jailbroken Apple devices.

In August 2009 Wired blog post, Jay Freeman (developer of Cydia) claimed that about 10% (~4 million of the 40 million users) of iPhone and iPod Touch users have used Cydia [29]. Figure was based on the device’s Unique Device Identifier (UDID) visiting the servers. With Apple having long approval process which could take several weeks to approve an app, and Apple being able to reject an app without reason, most notably Google Voice [30], [31], Cydia became a very popular alternative for users and app developers. Cydia offered developers a very quick approval process, the ability to extend the smartphone’s capabilities, and a home for apps that were not approved by Apple’s App Review team.

As time moved on, Apple and the Jailbreak community were both at a constant struggle, with one attempting to jailbreak the latest iOS release, and the other patching the exploits. Over time, Jailbreaking has become more difficult as security has improved on the device, less popular as the App Store includes more apps, and has introduced features/tweaks into iOS and store that originated from Jailbreak community.
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Before mobile app stores, Social Network Services (SNS) such as Facebook [32] delivered a mobile friendly website for those users, specifically iPhone [33]. The mobile website was a more barebones version to the desktop counterpart, focussing only on major features. 

One major issue with mobile setups was that it could not use device API’s such as the ability to take photos using the camera, nor was it capable of sending notifications to their device.

On July 10th, 2008, the same day as the App Store launch, the ‘Facebook for iPhone’ app was published to the store [34]. Since August 15th, 2007, where Facebook launched their mobile website for the iPhone, it was said to have over 1.5 million regularly users [34], which estimated to about 4.5% of their total user base, being over 30 million in the previous year [35], [36]. One month after launching its native app, Facebook reached 100 million users [37]. By having a native app, as opposed to website, allowed users to better interact with Facebook, their friends, and help Facebook developers improve their platform.
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A year after the App Store opened, Android OS version 1 was released on 23rd September 2008, followed by its developer SDK [38]. Known as the HTC Dream (or the T-Mobile G1 [39] in certain counties), this was the first device to run the Android operating system. Although Android had some catching up to do, the OS included ground-breaking features otherwise unavailable to iOS, for example pulldown notifications, home screen widgets, and Google integration with all its services [40].

Since then, Google has been maintaining Android OS, and its latest release runs Android O (Oreo) version 8.1.0, with Android P expected to be release August 2018 [41].

Android Market (now Google Play)

The Android Market was released in 22nd October 2008 (now Google Play) [42] in its effort to compete with the App Store. From here, users could download eBooks, music, and download apps. Since then, it has expanded to include magazines and eBooks, movies, television series, the ability to manage subscription in-app, with over 3.5 million apps claimed to be published on the store [43].
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On October 21st, 2010, Microsoft released the Window Phone Store (previously known as the Windows Phone Marketplace) alongside its Windows Phone 7. This smartphone was the first Windows Phone released in its series. UI and mobile apps use the design language, Metro. Metro was produced by Microsoft [44] and is used on several Microsoft products, including the Xbox 360, and Xbox One, Windows Phone’s, Windows 8, and its online services. 

The Windows Phone 7 received several large updates most notably 7.5. In the 7.5 update (Mango) Windows Phone will be supporting 25 languages [45], with its next iteration, Windows Phone 8 to support over 50 languages [46]. It ended support on version 7.8 in October 14, 2014, with the next iteration used to continue its life cycle [47].

Sources online have said that the reason there may be less developers interested in the platform may be because of the lower ad revenues generated when comparing to competing platforms [48]. With there being less developers wanting to write apps for Windows Phone, they are likely to move to platforms with larger audiences and market share, such as Android and iOS [49].
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With there being millions of apps to choose from on many different platforms, the mobile app market has become very competitive. Having a smartphone acts as an all-in-one tool that serves multiple purposes and user requirements. For this reason, smartphones have become integral to our lives that people can sometimes feel uncomfortable with it not being on their person.

In the following sections, a range of technologies (both hardware and software) that are becoming popular in mobile application will be discussed.

[bookmark: _Toc512463140]How technology and apps have evolved

During the early stages in mobile app development, one noticeable shift is the change in how data is handled. Traditionally, when data was managed on an app, it was stored in a database on the device. Not backing up the device meant that should something happen, data would not be recoverable. Much of the mobile apps we use today store our data online and are in a state where they always are connected to the internet, with some allowing you to store the data locally for offline viewing.

With the fact that we have fast mobile networks, with 5G on the way, storage is getting cheaper, and technology is moving towards mobile cloud computing, the less are we need to store files on our devices, need hard drives, or the need for powerful mobile processors, as we are coming to an age where we are able to endlessly stream content, and offload operations to the cloud to do the processing [50].

[bookmark: _Toc512463141]Android Instant Apps

Android instant apps allow the user to use native Android apps without the needing to download and install the whole app [51]. It typically downloads the necessary activities in the background, presents it to the user, then after they have finished with the app it then removes itself from the device, like closing a tab in browser.

To get started with instant apps, the developer would be required to setup links in their application. Once this is setup, they would then link the app links to their domain, which in turn opens the corresponding instant app activity. 

With Instant apps still in infancy, future apps will likely to adopt similar features as they reduce the need for pointless installation of one time used apps, are lightweight, offer better performance, and provide a better user experience to installed apps as the process is more streamlined.
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Mobile banking has revolutionised how online banking is done world-wide. It has made it easier for their customers view their accounts, and allowed the banks reach larger populations in areas where there may not be an available bank [52].

PayPal

Over the years, PayPal has grown to be one of the largest market leaders in electronic payments, offering buyers and sellers an easy and secure solution to buy and sell over the internet. Payment method offered was an alternative to current methods such as checks and postal orders, allowing people to make purchases on multiple websites without the need to give financial details like a credit card. Bought by eBay in 2002 [53], [54], it also allows for easy payment integration into a personal website or a service.

Digital Wallets

A digital wallet is an app for example Google Pay [55], or Apple Pay [56] that stores your card details for making purchases. Once the card details have been linked up with the app, allows the customer to make purchases without the need for card or cash on their person. Also, when making purchases, card details are not passed to the payee, rather, a token is exchanged between the phone and the card machine, allowing for improved security from data breaches [57]. 

To interface with the card machine, the customer must have their phone unlocked, ensure Near-Field Communication (NFC) is enabled, and place the smartphone near the card machine.

Technology is still in its infancy, as there are many stores that do not support this method of payment, and the hardware needed to support it is more expensive than traditional card readers.
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Augmented Reality (AR) can be considered a form of Mixed Reality (MR) that superimpose digital objects onto real life [58], [59]. By interacting with AR using hardware such as a projector or smartphone, allows the user to interact with information digitally in a real-time capacity. As technology has improved over recent years, the need for expensive AR hardware is no longer required, as cost has decreased over time, making it available to the masses, initially exclusive to the industry and research environments [60].

AR overlays images on top of the camera screen, by using either markers or markerless technology.

Marker-based AR

Marker-based AR known as image recognition, uses a visual marker for example a QR code to superimpose the object onto the screen. Marker-based AR is the most popular method as it offers the simplest means to detecting objects.

Markerless AR

Markerless needs device location, compass, accelerometer, or other sensors to provide it with the relevant information to display AR content. Developers can use this form of AR to interactively display local business through the user’s screen, to adding virtual furniture to their home before making the purchase [61]. 

Mobile apps such as Pokémon Go popularized the use of markerless AR in gaming, said to having accumulated over 550 million installs during the first 80 days of launch [62]. Markerless AR is more difficult to develop, because the app will need to analyse patterns and colours from real-life objects to make sense of what it should superimpose.

[bookmark: _Toc512463144]Artificial Intelligence

In recent years, Artificial Intelligence (AI) appears to be one of the more popular buzzwords among the business and science community. AI appears to be gaining much interest as large companies such as Amazon, Apple, Facebook, Google, and Microsoft are adding AI to their products. 

Artificial Intelligence is the intelligence displayed by machines, compared to the Natural Intelligence (NI) shown in humans and animals. AI encapsulates many types of capabilities, such as Machine Learning (ML), Natural Language Processing (NLP), and Knowledge Management (KM) [63]. 

On smartphones, developers aim to make smartphones smarter through AI. As AI in practice can be added to any application, possibilities are endless, however we have not yet experienced the true capabilities of AI. 

Artificial Intelligence has been applied to the following mobile apps and services:

Amazon

Alexa is an AI virtual assistant developed by Amazon, integrated into products like the Amazon Echo that is advertised for its home automation. It can complete tasks similar to Siri, control smart devices, and making Amazon purchases. Using the Alexa Skills Kit [64], developers can extend Alexa by teaching it new functionality.

Recommendation engine [65], [66] offers customers with real-time recommendations on items previously viewed, purchased, items jointly bought by others, bestsellers, trending items, to name a few methods.

Apple

Siri [67] is an AI virtual assistant for Apple devices that allows the user to engage in conversation to complete a certain task. It can set up a call, an alarm, reminder, to more advanced questions such as checking for an affordable restaurant nearby.

Facebook

As Facebook has developed, many of its features needed to scale. AI is integrated into the following services:

1. The ‘find friends’ feature allows it to recommend familiar individuals based on the user’s profile information, and browsing activity. 
2. The user’s feed is also customised based on how they use the platform, their interest, likes, and friends.
3. Facebook uses facial recognition DeepFace [68] on images, used to identify whether a user is in a photo, or a profile has their face.

Google

Google Photos [69] is a service that offers image and video sharing with free storage. AI has been integrated into the following:

1. Facial recognition to help find similar faces in a photo.
2. Organise images into categories like dog, or sunsets for faster searching.
3. Image recognition used to splice similar looking images into a panorama.

Microsoft

Seeing AI is a mobile app for iOS [70] that helps visually impaired user’s understand what they are seeing. It offers context when the smartphone camera is pointed at an object, for example, it can recognise the user’s friends, describes their appearance and how they are feeling.

[bookmark: _Toc512463145]Wearable technology

Wearable technology including fitness watches are getting popular. Features offered by this technology is more limited in contrast to a smartphone, with less apps available in app stores, less battery capacity, and sometimes needing the user to keep their phone nearby. 

Focussed on the health tracking aspects of these devices, developers can utilise the sensor and collected data to produce their own fitness app with ease.

[bookmark: _Toc512463146]Technology Overuse and Addiction

In Netflix Q1 quarterly earnings, CEO Reed Hastings said that their biggest competitor is sleep [71]. This may be related to the fact that users are watching more content, for longer periods, as services become more intelligent to keeping you hooked.

Smartphones as well as the internet in general offer many features and uses. Some of which offer information gathering (e.g. news, blogs), social interaction (e.g. social media, messaging), improvements to productivity (e.g. email, project management, reminders), to entertainment (e.g. music, films, gaming) and financial (E-Commerce, banking). With a large variety of app categories to choose from, it is clear why mobile apps, and technologies surrounding it, appeal to many users in all age groups.

Mobile addiction can be considered a form of psychological dependency to not only mobile phones, but other kinds of technologies. Nowadays, addiction has multiple definitions. In general terms, it use to describe the repetitious use of a substance regardless to it negatively affecting the user [72] , however, it has grown to become more generalised to include activities such as the internet, sex, gambling, over-eating, and exercise [73]. Some of the behaviours shown in mobile addiction users were similar to those affected by gambling, and drug/substance abuse [74]. However due to this addiction being of a non-chemical nature, it is categorised as a behavioural addiction [75].

One recent study has shown that by the smartphone purely being in the proximity of the owner, it can affect their cognitive performance [76]. The author has personally found this to be true over recent years, needing to put the device in a separate room, to avoid distraction or procrastination when doing certain tasks.

With the increasing number to smartphones and tablets users [3], [5], research has shown that addiction to these devices is likely to affect how they socially interact each other [77], and will impact their mental health, as more of their daily activities are consumed by technology. 

From an application perspective Xiang et al. [78] found that there were differences in the level of addiction between app categories, with communication apps being easy to withdraw from, but difficult to reduce time spent using.

In the following sections, some of the more common features of addiction, and related research will be discussed.

[bookmark: _Toc512463147]Fear of Missing Out

Fear of Missing Out (FoMO) is a psychological behaviour, whereby the user feels the need to stay connected in the event they are missing an opportunity.

It was found that users with higher levels of FoMO used their device more to satisfy this need, and that FoMO was related to social media use during lectures and use while distracted when driving [79].

An experiment was conducted by Cheever et al. [80], on 163 randomly selected college students to observe their anxiety levels when their phones become unavailable. Students were separated into two groups: one having their smartphone removed; the other being allowed to keep their device, but needing to switch it off and store it out of sight. The experiment found that those separated from their smartphone experienced higher heart rate, increased blood pressure, more anxiety, and for those who were more dependent on their phone additionally experiencing separation anxiety. For the other group of students who were not allowed to use their smartphones, they became more anxious over time, even though they were aware that their smartphones would be returned shortly afterwards.

It is interesting how proximity to these devices can affect and influence us. With smartphones being portable, it also enforces social anxiety by allowing users to always be connected, which makes the line between work/life, increasingly blurred. 

With the device being nearby, it will often lead to compulsive checking of status updates, new messages/emails, in the fear of missing an opportunity.

[bookmark: _Toc512463148]Stopping Signals

Before the boom of internet and social media, completing certain tasks would signal you to move on to the next. For example, after reading the final page of a chapter, the reader may choose to continue reading, or to finish and start another task. 

Technology companies nowadays are focussed on keeping user attention by removing these barriers and keeping them engaged. This is because platforms such as Facebook, Snapchat, and YouTube are engineered to maximising screen time, because higher engagement results in more profit.

The list below offers several noticeable examples where online platforms are removing stopping signals:

· Facebook
· Endless timelines make the continuously keep scrolling
· Timelines are not sorted chronologically, but are algorithmically ordered based on the users’ interaction with posts, what they view etc.
· Autoplay enabled by default – Both videos and advertising videos (plays with sound, unless disabled in settings)
· Notifications
· Persistent emails to get users back if they have been inactive from Facebook [81]
· Netflix
· Autoplay the next episode
· Will play a random programme/trailer after credits if there is nothing in the queue (e.g. if programme is not in a series)
· Notifications – notifies if a new series has been released based on content the viewer has previously watched, or may be interested in.
· Twitter
· Autoplay videos
· Endless timeline
· Notifications
· YouTube
· Autoplay enabled by default – once the current video has finished playing, algorithm decides which video you will want to watch next and plays it. 
· Suggested videos sidebar
· Annotation – video suggestions
· Notifications

It is worth noting, that these stopping signals are not limited to these platforms, or a given category. Also, some of these features improve user experience, for instance, users may prefer infinite scrolling over pagination.

With there not being a standardised system to rate apps on an addiction level, there is a growing concern that more children and young adults will become easier targets to mobile addiction, which may affect all aspects of their lives including health, development, and influence behaviours in others.

[bookmark: _Toc512463149]Addictive Platforms

Social Media

Social media has provided users with a platform to connect and express themselves [82], giving users a sense of community and belonging, enabling them to better adapt to change and stressful events [83]. Further, it also allows users to connect to a larger audience that could not be reached using traditional methods.

Although social media can make a user addicted to the platform, from overuse for example, it is worth mentioning how it has improved how we communicate with the world. For example, it has improved awareness to things happening around us, connecting us to broader audiences, to groups which may go unheard, and by connecting us with family and friends over long distances.

Based on an experiment conducted by Xiang et al. [78], it was found that communication and social apps were the two most addictive categories among college students. Social media can be considered part of the attention economy, a trending term emerged from Silicon Valley referring to how platforms are geared to getting user attention, to help deliver ads, and make a profit in doing so.

With children growing up in the era social media, they do not understand how it is manipulating them in certain aspects of their lives. In a longitudinal study conducted on a sample size over 40,000 households in the UK, between 2010-2014, it was found that children between ages 10-15 years were less satisfied in all aspects of their lives, when they spend more time on social media, with girls being more affected than boys [84]. It was also found that people of all ages were changing their behaviour regarding how they post content, where they would only submit updates during peak hours such as the time when people came home from work or school, in order to get more view, shares, and likes. Further should a person not receive the desired outcome (i.e. not enough likes), or a friend with a similar post gets more likes, some individuals were shown to take down their post. 

Facebook has designed its algorithm to order content in a way it thinks will grab the user’s attention. Whether it is based on what was previously viewed, controversial posts, or content that contains outrage, which guarantees more sharing of content. 

Each component on the platform is carefully designed, positioned, and trialled to ensure optimal results. In a TED video with User Experience (UX) Master, Margaret Stewart [85], stated that the new ‘Like’ button took 280 hours to design. This is because the button is seen on average 22 billion times per day. With such scale on the number of people who interact with Facebook, it is crucial that even the small things (that users will take for granted) are made right, however the definition of ‘right’ may be to get more users pressing it.

In a podcast starring Tristan Harris [86], he compared the tech industry to a living organism: when a feature is implemented and is found to be successful, it is then adopted by others in the effort to remain competitive. For example, videos did not initially autoplay on websites, however, once it was found to produce more revenue, and kept users on the site longer, platforms began adopting the feature.

Conclusion

There are many ethical issues to how these platforms are produced, one being their intent. The point to consider, is that technology is not neutral. There are many engineers at these companies whose intentions when designing these platforms are not to empower the users’ agenda, but to empower them to spend more time using it.

For example, a social network may get the user to complete a task, however the user will not know or be aware of the underlying motives. In this instance, there needs to be transparency with the intention, where the user understands that the platform wants them to complete a task, their motives are clear, and reasons why the task is important.

Mobile Games

To get an idea as to how addictive platforms can be, mobile games were investigated. From researching addictive games, by asking in person, and online, it was found that Angry Birds, Candy Crush Saga, Clash of Clans, and Pokémon Go were few of the most addictive mobile games on market. 

During this research period, Candy Crush Saga (CCS) was selected for a ten-day trial. Reason behind its choice, was maturity of the game, and due to people saying how addictive the game was, calling for further investigation.

CCS is a match-3 puzzle game, where the player must match at least three candies to remove it from the board, the more candies removed, the higher the score, allowing the player to continue to the next level if they meet the objectives. 

The game initially started on the Facebook platform in 2012, with its success it has grown to become separate games in the brand, pre-installed on Windows 10 [87], and boasting almost 3 billion downloads [88]. Reasons why it was pre-installed on Windows 10 was not clear, however, with the OS being free, it is likely that King (developer of CCS) paid an undisclosed amount.

The following section discusses findings based on the ten-day trial period.

Findings

One of the first things discovered while playing was how quickly it was to progress through the levels. By allowing the player to quickly progress through the game during introductory phases, makes the player’s brain produce large amounts of dopamine [89]. After level 8, it was found that the game got progressively more challenging.

On the CCS Wiki page [90], the game is said to have almost 3000 levels, with roughly 15 levels being added per week), making completion impossible.

Traditionally, when a player completes a level that they have been struggling to complete, dopamine rushes the brain to create a sense of euphoria (acts as a reward signal) [89]. If they received the same feeling constantly, this would create what is known as dopamine desensitisation. Where the dopamine receptors start to become weaker, reducing the amount dopamine molecules from being received. This means that the player would need to play the game even more, and for longer periods to receive the same effects they initially received. With the game becoming more difficult, and winning less frequent, the body receives less of this chemical, in turn creating addictive tendencies.

CCS was also designed to prevent the player from falling into a desensitised state. Evidence of this practice occurs with player lives; by limiting the player to only five. Once they run out, the game will regulate the player by prevent them from playing. They must either wait a duration to get a life restored (26-30 minutes per life, player can opt-in to receive notifications when lives have been restored), or pay with physical money. This method also means that players will not be playing the game as often, so they will not get sick of the game as quickly. This is known as hedonic adaptation, which has shown that humans return to a stable level of happiness regardless of them experiencing a major positive, negative, or life changing event [91], [92]. By depriving the player when they are most invested, enforces addictive behaviour, making the player always wanting more, making the experience more rewarding next time they return.

CCS also uses other methods to keep players addicted:

· Social pressure – show progress of the player’s friends in-game, also displays their scores on each level/event in leaderboard. Game also incentivises the player to connect with Facebook (Figure 3), with rewards, this is because it increases their engagement, and boosts the game’s player base by enabling the player to invite their friends to participate.

· Time limited events – where items are only available during certain events, at very specific times. In psychology, it is known as the scarcity principle, where people will gamble or pay in the effort to get the item(s), otherwise they might miss the opportunity. Event is also equipped with countdown timers to add urgency.

· Some of the time limited events are split into multiple stages, and are competitive (Figure 2, Figure 3). Should the player lose their position, they will lose out on the reward, or not receive the most desirable reward that is offered by first place.

· Treat calendar – rewards the player when they return to the game the next day, and consecutive days (Figure 8). If the player has consistently returned each day for the next seven days, they receive multiple rewards. This feature is a great tactic to create habits in the player, by rewarding them to come back.

· Events match up to real world events, for example Black Friday, Cyber Monday (Figure 4) and Halloween.

· Effectively uses in-game sounds – when the player matches a combo of candies, game says ‘tasty’. It was also found that on the channel 5 CCS television advert, this audio is played, and may act as a trigger to those addicted to the game.

· When the player loses a level, it makes it out to be much worse of a thing, and uses tactics to get the player to keep on playing by spending money to recover the level. Also, the game’s mascot, Tiffi is emotionally sad when the player loses (Figure 6). 

· When the player is on a winning streak, then loses the level, the cost to ‘play on’ is 60% higher (Figure 7, Figure 5), and is not a consistent value versus those who are not on a streak (Figure 6). This finding only became apparent after reviewing the screenshots.

· When the player wins a level, treats everything (including actions) like a small victory (small boost of dopamine with each succession). (Figure 9, Figure 10, Figure 11)

· Life unlockables – player can unlock unlimited lives for a limited time (1/2/6 hours unlocked during trial). Should the player receive a few of these, will stack on each other. By having period where the player has unlimited lives, will guarantee that they will play the game more (Figure 12).
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[bookmark: _Toc512463151]Kanban Methodology

For the proposed project, Kanban will be chosen as a suitable candidate. This methodology is a subset of Agile and based on iterative work, completing tasks in small segments. This allows for re-work of other elements, should changes need to occur. For this reason, should changes need to be made in a specific iteration, Kanban makes it flexible to do so. Each task is written on a card and put on a board (similar to services like Trello [93]). Although Kanban appears to be a suitable development method, no tool is complete or perfect.

In Trello, the Kanban boards are traditionally setup up as:

· To do
· In Progress
· Completed 

During the project, board was expanded to include the following setup (see Figure 1):

· Ideas – contains ideas that can be developed in the app
· To do – tasks that are not yet started.
· Issues – outlines identified issues in the app
· In Progress – tasks that are currently in progress
· Testing – tasks are situated here when they have either passed as being an issue or in progress.
· Completed – after task has been tested, they transition to completed.
· Future Task/Improvements – ideas for future tasks.
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As seen in Figure 1, certain cards are also colour coordinated, the traffic light system is used to gauge the critical nature of bugs (low=yellow to red=critical), green marks completed tasks, and purple represents rejected ideas.
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One of the major issues with using this methodology was converting difficult/long tasks into smaller chunks as some components in the program have a lot of responsibility.

As estimations are optional in Kanban, not knowing how long as task or iteration may take may dramatically affect the outcome of the project, to the possibility of it never finishing. After completing the mobile app, the main feature took a great deal to get working.
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Software used for implementation will require Android Studio. Design will use Adobe XD [94] for the prototype, and Adobe Illustrator [95] for the logo design, and Google Play assets. Android studio is free to use, while both Adobe applications are paid subscriptions.

[bookmark: _Toc512463154]Hardware Requirements

Only hardware that is required to gather the data is a smartphone or tablet that runs Android (API 22) or higher. User is also required to be able to connect to the internet.

[bookmark: _Toc512463155]Materials and Tools

Languages used during implementation will be JAVA, and SQL to locally store device intents on user’s device. GitLab [96] was used to add version control to the Android app, with GitHub having a public facing repository so that users can contact the developer of the app, submit issues, or learn more [97].
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The aim is to develop an Android app called ‘Consume’, that will help users understand their smartphone or tablet usage. When designing the app, the author felt it was important to produce an app that was easy to use, understandable, was native, and offered some degree of customisation, so the user can switch on/off certain elements or features. Apps are to be sorted in a list format, with the most used by duration at the top (see Figure 2).
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The following requirements were necessary for the app to meet the objective:

Firstly, the app must work on a range of smartphones and tablets. When collecting usage data from user’s device, it must be presentable, and easy to understand. 

The app itself should not monitor the usage of the user but access a device API that is supported by Android OS. Collected data must be sent to the database at a given interval, for example 01:00 AM, as opposed to sending constantly, that way the participants device does not drain battery over the day. The local time of 01:00 AM was chosen so that the data from the previous day would already exist and can be transferred to the database. Should the participant’s device be offline, data should be held in a queue pending transfer, therefore, data must not have any missing ‘gaps’ where it did not sync.

Device must not collect any data if the participant opts-out, and should they opt-out, data must remove itself from the database.

Additional features

Following the former requirements, more features were added:

The collection of screen off/on, and unlocked data. Would be interesting addition to current usage collection. The addition of notifications, to tell the user how many times they have unlocked their device today, each notification is also given a timestamp when it was shown on the user’s device, this time is linked to when the user last unlocked the device so they can see when it took place.

Add the ability to customise how notifications are presented to the user, and other customisations to settings. Before the usage time of each app, it should present the total time spent on apps in the specific tab.
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The following features were attempted, however due to time constraints or difficulty implementing, were not added to the final product.

Selective app usage – timeline view

When the app could display usage by tab view, the next features to create was the ability to view all usage instances of the selected app. For example, if the settings app was opened ten times yesterday, the user could click on the selected app in and see when the app was opened, and the duration of each instance in a timeline view.

This feature would provide the user with a timeline for each app, however, if the user switched over to the ‘last 7 days’ tab and viewed an app that had over a thousand opens, presenting this the data to the user would take a long time to process, even when the task is being performed asynchronously. 

In the end, this feature took a long time to implement and was inevitably removed, as an alternate solution was needed to manage this component on less performative devices.

Graphs

Much of the application was going to use graphs to add value to the app and allow the user to interact with their data in a meaningful way. After researching many types of graph libraries for Android, the author did not find one that was interactive enough, or compatible with the API version. This may be implemented in a future update, as data that would otherwise be used in the graphs is still being collected on user’s device.
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When setting up the database, several issues needed to be discussed:

1. How to synchronise data when the device network changes or goes offline.
2. How to keep collecting data after the device has restarted.
3. How to setup the schema so the database knows where to put the data of each user.
4. If a participant asks for their data, how to adhere to the request.
5. How to enable participant opt-out, and remove all their data.

Issue 1: Synchronising data

Firebase real-time database [98] was used to store participant data online. As smart devices are not always connected to the internet, one of the major issues identified early on was the potential issue of missing data. Not having all the necessary data would mean that there would be potential gaps, skewing the results.

One of the major benefits to using Firebase is disk persistence [99]. This means that it can manage the app even in case of network changes. By enabling this feature, data will be stored locally until the device reconnects to the internet, then it re-synchronises up with the database. Disk persistence also means that the app can work offline, however the proposed app does not use persistence in this way.

Issue 2: Data collection on device restart

The second issue surrounding data collection is concerned with how the app will manage when the device is shut down by the user, or from a system update. Should the device restart, the app will also need to be booted up to start collecting data once more. 

To solve this issue, the app uses a BroadcastReceiver [100]. In Android, a BroadcastReceiver is a component that responds to system changes for example, system restart, or screen on/off. In this instance, the service used to collect data was linked with a BroadcastReceiver to start it up once it restarted. 

Issue 3: Unique identifiers

When the app is used for the first time, a random unique identifier is assigned to each participant. This value is then stored on the device. Data collection is anonymous, however, not having an identifier means that data will not be appropriately structured. With each participant having an identifier means that data can be added to the correct location in the database and offers a solution to the following two issues.

Issue 4: Data requests

As each participant has a unique identifier, they can request their data by sending an email to the author. As the General Data Protection Regulation (GDPR) [101] is not yet enforced (May 25th, 2018), and the app was initially setup to be as simple as possible, the current version of the app will likely not display the identifier until an upcoming release.

Issue 5: Right to be forgotten

As results are important to the outcome of the project, participation is enabled by default. Should a user not want to be part of the participation programme, they can opt-out. By opting-out the app will call a function to remove all entries containing their data in the database, and the app will stop the collection of data.

After this, the user is still allowed to use the app with all its features intact. Should the user wish to opt-in, the can do so by toggling the setting back on. This feature was added as part of GDPR Article 17 [102], right to be forgotten.

[bookmark: _Toc512463161]Data Collection

The app does not collect personal information from the user. It is also worth mentioning, that the data collected from the app can be collected by any Android developer, or a similar app. Also, depending on the manufacturer, some of the app features may be available through user settings under battery.

Below is a table of the collected data, however some of the data may not be visible in the app as features such as graph views are likely to be added in upcoming releases.

	Component
	Data collected

	Device
	· Brand
· Manufacturer
· Model
· Version

	System Apps
	· Total number of system apps on device

	Installed Apps
	· When the app was first installed
· When it was last updated
· App version

	Device Activities
	· When the device was unlocked
· When screen was switched on
· When screen was switched off

	Usage
	· Number of times an app was used in a given day
· How long the app was used for
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Once Consume was to a suitable standard, it was published to the beta program in Google Play, and all consenting participants from the survey were informed. Any user is able to download the app from the Google Play store [103], providing their device meets the suitable API level 22+.
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The first prototype was design in Adobe XD, while logo design took place in Adobe Illustrator. After the designs were accurate in the app, they were further changed and improved upon during development.

[bookmark: _Toc512463164]Issues during implementation

This section shows how some of the issues during implementation were resolved, while others are still pending.

Resolved Issues

Google Play test issue

When an app is uploaded or updated, then submitted to the Google Play store, app is then tested by several physical devices by Google to check for malware, compatibility, among other things. Although this would not affect most developers, Consume app is affected as it creates a participant on first launch of the app. When this happened, the database started to grow quickly, with the creation of fake users. 

The author did not want this, as they were not real users, and only served as automated test purposes. This meant that in the event there are new updates to be uploaded, upwards of ten users will need to be removed, along with all their data. 

As development continued and the database observed when uploading to Google Play, one interesting trend that appeared consistent was an action performed when the automated tests were concluded. It appears that when tests had finished, any toggles that were on by default, were toggled off, in this case the device always selected opt-out.

Initially, opting-out only disabled collection of the data, however, after discovering that it could remove test devices, this feature was added. When testing this change, devices began to populate the database as expected, then removed themselves on completion, fixing the issue.



Collecting Usage

Although this is a major feature in the app, getting the app to successfully retrieve the data took a long time to get working. This feature took an estimated five months of trial and error to get working.

Unresolved Issues

Samsung Issue

After successfully completing the mobile app, and getting users to test it, a consistent problem appears on Samsung devices when enabling the usage access in settings. 

In the app, a Runnable is used to watch the permission change in settings. Once the user has confirmed usage access, it then restarts the app activity to display their usage data. However, once the user has confirmed the option, the app crashes. This issue appears to only affect Samsung users, and will not happen after the permission is granted, however crashing of the app still resolves the issue of needing to restart the activity and show the data.

App Updating

One issue that has not been easy to resolve occurs when updating the app on Google Play. After updating the app fails to restart, meaning should the user forget to reopen the app, it will seize to collect data, similarly to force stopping an app. It appears that this issue can be resolved by adding a receiver to the manifest file, similar to how the app restarts the data collection service if the device is restarted [104].

User opt-in, opt-out spamming

When a user opts-into becoming a participant, operations are carried out in the background using asynchronous tasks, for example, gathering and uploading a list of all installed apps from the user’s device. However, should the user constantly enable, then disable to opt-in feature, it would generate loads of unique identifiers (as it would generate a new identifier each time), and asynchronous tasks would add it to an older identifier in the database. 

Much of this issue was resolved by making the identifier fixed, however, to fix this issue it would be more effective add a sleep function to the opt-out until it has removed all the old data, before generating a new one.

Settings do not update in real-time

A feature which most user expect when changing app settings is that changes are instantly reflected when they have been modified. When changing how the notification appear, changes will not be obvious until the device restarts. A simpler solution may be to display a toast to user confirming it has been saved.

ANR when app is active but user declines usage access

Application Not Responding (ANR), also known as the app crashing occurs when the user has the app open, changes the usage access to decline, then pulls to refresh their app usage. This issue may be resolved by catching the point of error, but should not affect users unless they are looking break the app.

[bookmark: _Toc512463165]App Testing

While developing the mobile app, each time a feature was added, physical tests were performed on tablet and smartphone.

After the app was ready for production (version 1.0.0), a friend was asked for to try out the app on their personal handset. On start-up, the app crashed each time. The author requested the log files, and it was found that a resource file was causing the crash. This file acted as a visual drop shadow for the total duration TextView, but reasons to why it crashed are still not known. After removing the resource, the app began to work.
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Using Firebase Test Lab [105], Robo tests [106] were conducted. A Robo test is used to test the app on a range of devices (both physical and virtual), to find issues or crashing in the app. 

After tests have concluded on each device, log files, screenshots, activity maps, videos and performance graphs are available to the developer to review how their app performs on different devices.

Physical Devices

	Device
	API Level
	Result

	Galaxy S7
	24
	Passed

	Google Pixel
	26
	Passed

	LG G6 (LGUS997)
	24
	Passed

	Moto G4
	23
	Passed

	Pixel 2
	27
	Passed



Virtual Devices

	Device
	API Level
	Result

	Nexus 4
	22
	Passed

	Nexus 5
	22
	Passed

	Nexus 6
	23
	Passed

	Nexus 7 (2012)
	22
	Passed

	Nexus 9
	23
	Passed
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To give the author an idea to what data they could collect for their final project, potential issues surrounding smartphone and tablet usage, and to reflect on the answers after app data collection, a survey was created. The survey was tested multiple times and was distributed from 24/10/17 – 01/12/17. During this period, a total of 86 users had completed the survey.

The types of questions ranged from the number of apps users have installed on their device, to how dependent they feel they are to their smartphone/tablet. The second section of the survey asked users whether they have previously used apps that monitor app usage, if they had, their opinions, and if they were interested in becoming a participant. Survey was also setup with conditional questions depending on the answers given by users (see appendix for more information).

Results from survey found that 55% used social media the most when comparing to other app categories, with 69% using their device the most during evenings, and 15% at night. They also said that on a given day, they only used apps in this category 6-10 times. Majority of users (55%) said that their device sometimes runs out of battery, they are somewhat dependent (58%) of their device, and rate the frequency of their usage on a Likert scale of 3 (medium).

In the final section of the survey, users were asked if they have used an app that monitors their usage, 88% said they had not. Of the users who had, 50% found them to be useful, with both sides offering explanation (see appendix for user responses). From the users who had not used a similar app, 41% were interested in becoming a participant of the app.

[bookmark: _Toc512463169]App Data Collection Results

Data collection from the app was gathered for 29 days between the dates, 19/03/2018 – 17/04/2018. There are six active app users, with three who have chosen to remain participants, and the others opting-out. From three active participants, 75 days’ worth of data has been collected. During that time, participants have collectively spent 501.24 hours using 117 separate apps.

Following table shows when participants registered to the program, with the third participant taking part a short while after.

	Participant
	Date registered

	1
	2018-03-20 17:35:36

	2
	2018-03-20 23:22:27

	3
	2018-04-03 17:02:28



Mobile app is running on beta version 1.0.4, and is stable, with zero recent crashes. Of the 23 consenting participants, only one attempted to install the app, but was unable due to their device not supporting the Android Lollipop or higher. Participants who took part all had smartphones, however, app does support tablets.

The following graphs outline some of the findings from data collection, however, not all collected data could be easily represented in a graph or reduced to make one simple graph. One example being, which app categories were used the most by weekday.

[bookmark: _Toc512463170]Average number of installed/system apps
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Participants had on average 33 installed apps on their device, with system apps averaging at 186.3. When comparing to survey results, it appears that only 7.1% of users answered to having between 31-39 apps installed on their device.
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This graph shows the number of apps on each participant device. It appears that Samsung Galaxy S5 has the most system apps among participants, with a difference of 92 apps compared to the Google Pixel. 
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The graph above shows the average number of device activities by weekday. Results show that users appear to unlock their device the least amount on the Tuesday, progressively increasing towards the weekend.

Screen off activity occurs either when the participant presses the power button locking the device, or the device activates sleep after a set number of minutes when inactive. 

Unlocked increases if the participant unlocks their device.

Screen on activity can increment during any of the following circumstances:

· When the participant unlocks their device, both unlocked and screen on increment.
· Participant wakes up the device the check if they have received any notifications
· Device wakes up the screen to alert the user to an action, for example a phone call.
· If the device is locked and receives a notification, depending on the device setup, it may also wake up the screen to alert the user to the notification. This may be the why reason screen on/off are higher figures compared to the device being unlocked.
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This graph shows the average count of an activity when it is performed during certain hours of the day. As you can see, there are certain spikes during the day when participants use their device more, for example, during the early hours of the morning this spike relates to participants waking up and checking their device. 

The spike during midday might relate to participants having their lunch break during work hours, the spike around 4:00 PM – 5:00 PM may be when participants finish work, and the final when they are using their device after returning home (before going to bed).

When comparing to the original survey question, ‘When do you use your device the most?’, it appears that 69% evening, and second highest, 15.5% night are shown correlate in this graph.
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The line graph above details by weekday the average number of times participants open apps on their device. Thursday appears to have the lowest open count on average, reason behind this is not yet known, however, towards the weekend values increase with participants on average opening apps up to 350.8 times.



[bookmark: _Toc512463175]Average usage time by weekday

[image: ]

The graphs above show the usage time over the course of the week in hours. Overall, hours spent is moderately high, with participants on average spending 7.66 hours using their device on weekends.

Estimated annual usage

When taking the average daily usage from the last graph, participants are expected to use their device on average 6.64 hours daily. This means that over the course of a year, participants would use their device for 100.70 days of the year, equating to 0.27 of a year. This means that the participants would consume almost a third of the year using their devices.
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If we drill down the previous graph into each participant, it will show the participant 1 uses their device the most on average, followed by participant 2, then 3. On Saturday, it appears that participant 1 averages 11.52 hours on their device which exceeds the usage of any other participant on a given day. 

When extracting the average of each day of the week, it appears that Wednesday, Thursday, and Friday have less than 6 hours of daily use, with Friday the highest at 5.61 hours. However, once it reaches the weekend, Saturday’s usage becomes 7.08 hours and 8.00 hours on Sunday.

The following table outlines the average number of hours a participant is likely to spend on their device daily, and should they continue to use it at this rate shows how much of the year will be spent using their device.

	Participant 
	Average daily usage (hours)
	Percentage of the year spent on their device (Estimated)

	1
	8.06
	33.57 %

	2
	6.37
	26.53 %

	3
	4.56
	18.98 %
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This graph shows the total hours spent by participants on certain app categories. 

Each app was grouped by their respective Google Play app listing category; however, some grouping was changed. For example, Gmail [107] and Outlook [108] apps both serve the same purpose, but Gmail is categorised as communication, while Outlook is found under productivity. As a result, both apps were grouped to communication.

Graph shows personalisation as the category with most hours spent (118 hours). Apps found in this category are launcher apps. A launcher app handles the device user interface, by allowing the user to go from one app to the next on the home screen, this is the main reason open count and usage in this app are the highest among app categories. The author has debated to hide this app category, however, launcher apps are still mobile applications. 

Within this app, users can customise their home screen, include widgets, launch apps from it, and can extend it to include gesture support and other integrations. App examples include, Nova Launcher [109], and Pixel Launcher [110].

[image: ]

If you separate the previous graph by participants, you will notice that the entire news and magazines category is solely spent by participant one, however social and entertainment apps are very low, which is rather interesting when comparing to other participants.
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The graph above shows the total open count of apps in each category by participants over the data collection phase. As seen in the previous graph, personalisation is expected to be the most used app category. In this graph, personalisation (7134) holds the highest open count, this is because each time a user navigates between apps on the home screen, they are using the launcher app.

What is interesting to notice in this graph, comparing to the previous, is that communication has the second highest open count, however in the previous with the time used in the app, it is forth highest. This may be because users are only using the app to respond to messages, and are then switching back to a different app. 

When comparing the two categories ‘news and magazines’, and ‘entertainment’, open count for these are relatively low, however, in the previous graph, participants appear to spend much of their time on these applications.

When comparing to the survey results for the most used app category, 33% of users said to use social 6-10 times in each day. From the collected data, results show that participants had an average open count of 23.22 for social.
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When drilling down into device unlocks, screen off, and screen on, one strange pattern appears for participant two. From collected data, results are consistent in that participant one has the highest open count and usage time, followed by two, then three (see Figure 23). For this reason, you would expect that participant one to have high device activities, however, that is not the case.

Participant two device activities appear high, exceeding other participants by almost three times, with screen on reaching a count of 684 during Sundays. Reason behind this are not yet known, however, the participant maybe affected by FoMO. Further research will be required.
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The most noticeable thing to consider when looking at the data is even though participants are not heavy users, when averaging their daily usage over time, some are expected to use their device upwards to third of a year, if not more. 

When drilling down into the participants, participant one is expected to spend 33.57% of their year using their device. Based on a few online sources, an adult is expected to sleep between seven to nine hours, however, some participants could spend up to 11.52 hours a day using technology, this means that their devices are capable of disrupting both their productivity, and health both physical and mental.

Based on previous research into mobile addiction, it was found that keywords like mobile addiction were being thrown around when describing users with 2-9 hours of daily device use, however, the author could not gauge how much was too much, future research required. As participant one’s average usage exceeded this amount on Friday and Saturdays, with news & magazines category being the highest app category, their usage may have negative effects other parts of their life including their social life.

When looking at the results of the survey and comparing to the participants data, it appears that the most used app categories are different, with the most used app category among survey respondents (social media at 55%) being one of the lowest among participants, spending a collective 44.35 hours out of 501.24 (~ 8.84% of total).
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Based on the initial aim, these goals were met, however the final results would have benefitted significantly with the addition to certain survey questions focussing on the mobile addiction aspects. For example:

1. On a given day, estimate the number of times that you unlock your smartphone/ tablet?
2. Which day of the week do you use your device the most?
3. How much time would you say you spend using your device on average?
4. Do you feel that you overuse your smartphone/tablet?
5. On a given day, estimate the total number times that you open apps?
6. Estimate the number of apps you have on your device? – By removing the word ‘installed’ from the original survey question would be interesting to gauge the results as users are likely to not consider that their device has a large amount of system apps also.
7. What might be the root cause to using the device? (ex. escapism)

To find which apps were being used the most at which points during the day, the app would have benefitted from collecting the usage data of ever instance of an app being used, as opposed to collecting the summary usage of each app over the course of the day. However, analysing this data would have been difficult, as the app open count sums to 22698 opens among the three participants.

Perhaps the largest drawback with the data collection was not having enough participants. By having more would have improved the accuracy of the results and have smoothed out the graph in some locations, where results may appear odd. This relates back to the amount of time that it took to produce the app.

The following subheadings outline some improvements to the quality of the project.

[bookmark: _Toc512463182]Analysis

Took a day to collate the data of three participants. Should the app have larger number of users, it would benefit from a bespoke program to format the data.

[bookmark: _Toc512463183]App

Based on the analysis gathered from participants, each graph could be integrated into the app to give the user valuable insight into their usage. If each app instance was logged into the database, you would be able to quantify app retention to see which app categories users are returning to the most. However, analysing this data may get resource intensive. 

Future improvements include:

· Adding a search feature to filter usage by app name
· Filter view by app categories
· Filter usage list by open count (sort ascending/descending)
· Widget integration
· Option to hide system apps or uninstalled apps
· Localisation
· In app export data
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Since the emergence mobile addiction, the need to effectively address the issue is becoming increasingly urgent. Some governments act on the issue; however, most do not appear to tackle this modern issue that is affecting children as young as three years old. 

In the most countries, mobile addiction is not classified as a disorder like drug or substance abuse, with countries like China classifying internet/gaming addiction as an official mental disorder, like sex or gambling. It is important that we consider how similar mobile addition is to other forms of addiction, which is why it should be addressed or diagnosed as a disorder. Further research should be carried out into the behavioural and psychological effects of addiction.

From data collection, it was interesting to find how much time participants spend using their device, averaging between four to eight hours daily among them. It was concerning to see how one of the participants averaged 11.52 hours usage on Saturdays, with some participants spending more time on their device then asleep. It was also interesting to discover the importance of launcher apps to the user, amassing the most amount of time and open count to any other app, by finding trends in data, and being able to predict when a participant is likely to use their smartphone based on historical data. 

When conducting research, it was unusual to find how a smartphone being in the proximity of the user, can affect their cognitive performance versus when it is not in proximity, and that user can experience separation anxiety, increased blood pressure, and higher blood rates when their device is taken away. The need to compulsively check a smartphone, for notifications, status updates etc. has become such an issue to some that will interfere with their education, work, and social life. 

While technology offers us many tools to become more proficient in how we work, it is imperative that our use of these devices do not become obsessive to the point where we cannot manage.

Given the tremendous growth to the tech industry, it will continue to find new ways to be more persuasive in getting your attention. The ways in which apps were initially developed were to serve a basic purpose, for example, sending/checking emails, but as apps have exploded in popularity and become mainstream, other departments are more involved in the development process, such as marketing and user experience. This can be a good thing; however, we do not know the underlying motives to these companies developing the apps. Also, with these companies having potentially thousands of employees, it is essential to understand that apps serve a purpose, whether it is to generate advertisement revenue or to get you to click a button. 

As time goes on, research and attention to this field is likely to increase, as research found has shown it grow with each passing year.
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With regards to addiction there is much variability. In fact, from research, it is found that women on average spend more time using their device. Therefore, if the mobile app on start-up requested the user gender and age group, it may be able to find trends among groups. But with there being barriers in the app, it could run the risk of putting users off from wanting to use it.

When writing the report, the literature review took too much time to produce. If this section of the report was started during the summer holidays before the final year, the quality of other sections including overall grading would have improved. Also, with the Android app taking over 5 months to complete, had this also been started during the holidays, would have affected how it performs and would also have a larger user base as I would have had the time to promote it.

Due to my lack of experience in statistics, I feel that the analysis stage from app data collection was lacking in concrete results. For this reason, I feel that I might not have spotted enough trends or use proper means to analysing said data. By learning the basics of statistics, finding trends, or interesting correlation in data, would have improved the results. 
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[bookmark: _Toc512463188]Survey

Survey was trailed on 23/10/17, and distributed 24/10/17 until 1/12/17, with a total of 86 responses. After the trial phase, feedback to improve the quality of the survey was gathered.

[bookmark: _Toc512463189]Changes

Iteration #1

· Add new app categories based on user request

Iteration #2

· Add higher range to:
· On a given day, how many times would you use apps in this category?
· Estimate the number of apps you have installed on your device.

· Request regarding task managers under categories: 
· productivity, utilities

· Range was initially up to 20, for ‘Estimate the number of apps you have installed on your device’, over 60% of users checked the highest figure, so had to increase it to get more exact results:

· 20-29
· 30-39
· 40-49
· 50-59
· 60-69
· 70-79
· 80-89
· 90-99
· Over 100

· Noticed a lot of people who opted-in to become participants were not owners of Android, even though in the question, it says that the author will only be developing an Android app (making it pointless for those without the device taking part). So, it was changed to allow users to become participants in each of the separate OS's (Android, iOS, and Windows), so that if in the future the author chose to work on a different platform, those individuals can become beta testers/participants.

After completing the second wave of changes, answers to these questions would have changed, meaning the previous 14 responses had to be removed.

[bookmark: _Ref512366086][bookmark: _Ref512366098][bookmark: _Ref512366104][bookmark: _Ref512366108][bookmark: _Toc512463190]Questions

The following questions were asked during the survey [111]. Table also demonstrates the flow of the questions, as some answers direct the user to a different sections depending on their answer.

	#
	Question

	1
	Please specify your gender

	2
	Please select your age group

	3
	Do you own or use a smartphone/tablet?

· Yes (continue)
· No (submit form)


	4
	When do you use your device the most?

	5
	Estimate the number of apps you have installed on your device

	6
	From the following categories, which do you use the most?

	7
	On a given day, how many times would you use apps in this category?

	8
	Do you find your device regularly running out of battery?

	9
	How dependent are you on your smartphone/tablet?

	10
	How would you rate the frequency of your daily usage?

	11
	Have you previously used app(s) which monitor your usage?

· Yes (continue)
· No (go to 13)


	12
	Did you find them useful?

· Yes (go to 12 A)
· No (go to 12 B)


	12 (a)
	In the previous question, you stated, that you found usage apps useful.

· Please provide your reasons why (optional)


	12 (b)
	In the previous question, you stated, that you did not find usage apps useful.

· Please provide your reasons why (optional)


	13
	During my project, I will be producing an Android app, which anonymously monitors app usage.

Would you be interested in trying?

· Yes (go to 14)
· No (submit form)


	14
	Become a participant:

Which Operating System (OS) is your device running on?

· Android
· iOS
· Windows

	15
	[Android/iOS/Windows] Participant opt-in
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1. Please specify your gender
[image: ]

2. Please select your age group
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3. Do you own or use a smartphone/tablet?
[image: ]

4. When do you use your device the most?
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5. Estimate the number of apps you have installed on your device
[image: ]

6. From the following categories, which do you use the most?
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7. On a given day, how many times would you use apps in this category?
[image: ]

8. Do you find your device regularly running out of battery?
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9. How dependent are you on your smartphone/tablet?
[image: ]

10. How would you rate the frequency of your daily usage? (1=low to 5=high)

[image: ]

11. Have you previously used app(s) which monitor your usage?
[image: ]

12. Did you find them useful?

[image: ]

a. In the previous question, you stated, that you found usage apps useful, please state your reasons why

	#
	Reason

	1
	‘Help work or what is used the most and also which uses the most data’

	2
	‘To avoid running out of credit, primarily’

	3
	‘Would like to keep track of usage.’

	4
	‘By “usage apps” I mean the battery and screen time measurements integrated into iOS and Android settings. This has been helpful for identifying battery drain sources and satisfying personal curiosity about my app usage.’

	5
	‘You can see apps that are being used the most. Also you can see services that you may have forgotten about.’





b. In the previous question, you stated, that you did not find usage apps useful, please state your reasons why

	#
	Reason

	1
	‘The usage app took more memory and power than the apps themselves!’

	2
	‘Because I'd ignore the amount of time used, and carry on anyway’

	3
	‘Don't notice any difference between those and apps that don't track usage’

	4
	‘The apps were messy and over complicated for the average person, they were also inaccurate’




13. During my project, I will be producing an Android app, which anonymously monitors app usage.
[image: ]

14. Become a participant
[image: ]
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[bookmark: _Toc512463215]Figure 20 Featured graphic
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