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The title of this piece of work is ‘An Evaluation of How Effective Usability Principles and Persuasive Systems Concepts Are When Designing An Account Based Mobile Application For Vehicle Management In The UK.’ This is topical due to the widespread media coverage of soaring figures of untaxed vehicles in the UK.
[bookmark: _Toc513183727]Background
In 2013, the then Chancellor of the Exchequer, George Osbourne, announced the abolition of the paper tax disc [6], 93 years since it was first issued on January 1st 1921.  The Government announced this would result in savings of around £10 million per annum on an ongoing basis each year tax discs were not produced [6]. The paper tax disc was essentially a receipt to display in a vehicle windscreen, to evidence the tax for that vehicle had been paid. With the advances in computing and data sharing, the police and the Driver and Vehicle Licensing Agency (DVLA) no longer use tax discs to verify if a vehicle has been taxed [6]. They now enforce vehicle excise duty (VED) evasion based on their ability to use technology such as Automatic Number Plate Recognition (ANPR) to check DVLA’s electronic record [6] to see if a vehicle is taxed or not. 
Coinciding with the removal of the tax disc, another change in vehicle taxation occurred. When a vehicle changes ownership, the tax is now refunded to the previous keeper. It no longer transfers to the new keeper [7]. This now requires a new keeper to tax their newly acquired vehicle prior to driving it on the road [7].
In the years since these changes were implemented, the Government’s own statistics show that VED evasion has increased threefold, since the year before the changes being introduced [8]. There has been widespread media coverage of this fact, with headlines of vast sums of money lost as a result of the abolition of the tax disc [9] [10] [11].
[bookmark: _Toc513183728]About the DVLA
In the United Kingdom, prior to a vehicle being used on a public highway, it must be registered with the DVLA, taxed, insured and MOT’d, dependant on its age [1]. To comply with UK legislation, all registered vehicles, must either be taxed, or have been declared SORN (Statutory Off Road Notification) [2] if not being used on the road. There are a number of exemptions to this [2], most commonly Crown and emergency services vehicles and historic vehicles, which are classified as such by having been constructed more than 40 years ago from present day.
The Motor Car Act of 1903, was the first act of Parliament that required drivers of motor cars to be registered, as of 1st January 1904 [3]. Vehicles were also registered, required to display registration plates which were unique to each vehicle, and had to be taxed annually [4]. Up until 1965, the registration of drivers and vehicles had been administered by local councils. In 1965 this was centralised at the Driver and Vehicle Licensing Centre (DVLC) in Swansea [4]. During the 1990’s the DVLC had a name change to DVLA, to reflect its status as an executive Agency of the Department for Transport (DfT) [5]. Today, DVLA’s databases hold over 48 Million active driver records and over 40 million active vehicle records [5]. They are the part of Government responsible for collecting Vehicle Excise Duty (VED) commonly referred to as road tax. DVLA collects in excess of £6 billion annually in VED [5]. 
The DVLA offers online, paper, telephone and face to face transaction channels, to enable customers to comply with legislation relating to driving and owning a vehicle in the UK. However, each transaction you complete with DVLA is stand alone. To tell DVLA you’ve sold a vehicle, purchased a vehicle and tax your new vehicle requires the user to complete three separate transactions. There is no single place a user can go to update the information the DVLA holds on them, to transact digitally, customers are required to visit GOV.UK’s website to select standalone online transactions [12]. DVLA’s digital services lack the ubiquitous customer account and mobile app, bringing access to the benefits such technology could bring. In 2018, DVLA is still posting out paper based V11 Vehicle Tax Reminder letters to vehicle owners who chose to tax their vehicle annually or twice per annum [13]. 
[bookmark: _Toc513183729]Field of Study
In 2018, it is common for large retailers to offer account based mobile applications (apps), such as ASOS [14], Amazon [15] and eBay [16] see figures 1 and 2 below.Figure 1
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Use of native apps across Government is actively discouraged by the Government Digital Services (GDS) [17]. Although, some departments have managed to make a case for these and offer them to users [18]. There are different approaches to building apps for mobile, such as native apps or progressive web apps, [19] but this is not the focus of this project. However, it is the features of mobile apps and the convenience they offer both users and the issuing organisation that are of particular interest. 
The two biggest mobile platforms are Android and iOS [24]. Mobile apps enable organisations to create a direct engagement and marketing channel to their users, remain visible and deliver value to their users [25]. Mobile apps allow the organisation to deliver new use cases that are uniquely enabled by mobile [26], ranging from capturing data with the devices camera to sending users push notifications. Users are drawn to using mobile apps that make transacting using paper obsolete and offer a level of convenience not found within other devices and channels [26]. Mobile apps are still able to offer value to users even when offline [27].
A feature of mobile applications that is used to deliver new and time relevant information to users are push notifications [28]. Push notifications are used in persuasive systems. These are systems which attempt to bring about a change in user behaviour [20].  Persuasive systems are commonly used in healthy eating and fitness apps [21]. In the 21st century the processes of persuading humans to alter their behaviour has moved from human to human interaction [22], to digital to human interactions. Due to the ability to communicate frequently and directly with the user by machine [23]. When building persuasive systems, it is important to consider the audience that you are trying to persuade, and tailor the design of the systems and interactions to your target audience [29]. Oinas-Kukkonen and Harjumaa created the Persuasive Systems Design Model (PSD) see figure 3, as a tool for capturing requirements for persuasive designs.
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When it comes to designing a user interface, it is important that the user experience meets the user needs. Design guidelines can be especially useful for new and inexperienced developers and designers [31] by providing them with best practice techniques and methods in interaction design. Guidelines are a framework to design within, rather than being prescriptive design blueprints [32].
The World Wide Web Consortium (W3C) publishes guidelines relating to accessibility, usability and inclusion [30]. These guidelines are primarily focussed on removing any design elements which would prevent or impede users with disabilities from using the web, including mobile apps [30]. A quick search of the web will return many versions of interaction design guidelines [33]. Of all the guidelines out there, Jakob Nielsen’s 10 Usability Heuristics for User Interface Design [34] and Ben Schneiderman’s 8 Golden Rules of Interface Design [35] are two of the most well-known. Nielsen states that the principles he and Rolf Molich came up with, may appear obvious to most people, but he suggested executing them, is often not easy [36]. For widespread good design of user interfaces it is important that usability design principles are kept simple and are easily implementable [37]. This project will look at both Schneiderman and Nielsen’s guidelines and evaluate their impact on the design of the mobile application.
[bookmark: _Toc513183730]Aim of the Project
The aim of the project is to design and evaluate a mobile application interface, using persuasive system techniques and usability design guidelines, which could lead to improved DVLA customer compliance with legislation, relevant to owning and driving a vehicle in the UK and aid other aspects of vehicle management.
To achieve this aim, the following objectives need to be achieved.
1. Conduct a literature review in to mobile application use, usability design guidelines and persuasive systems.
2. Identify features that could lead to improved compliance with legislation relevant to owning and driving a vehicle in the UK.
3. Design an interface for the mobile application.
4. Evaluate the mobile app prototype for usability and ease of compliance.
[bookmark: _Toc513183731]Expected Outcomes
It is expected that the project will deliver a full interface design for a mobile application which could be delivered as part of an organisational project. The design will include features that are not currently available to users of DVLA’s existing digital services.
The interface design will be developed based on user needs and refined through the process of user testing. The user interface will be easy to use and intuitive. It will offer good affordance to users, allowing them to use their tacit knowledge of navigating other apps. The application design will include elements of persuasive systems, in order to encourage user compliance with vehicle related legislation in the UK.
The project will evaluate the effectiveness of usability guidelines on the interface design and make recommendations for the most effective usability guidelines.
[bookmark: _Toc513183732]In Summary 
In this section the aim of the project has been stated, to design and evaluate a mobile application interface which will use elements of persuasive systems and follow usability guidelines and some objectives of how that will be achieved have been listed. It has been explained that this is a topical piece of work, due to the recent media coverage of increasing VED evasion and the likely influences on this this. Some information has been provided on the specific areas of mobile application design, relevant to this project, usability guidelines and persuasive systems.
[bookmark: _Toc513183733]Research and Development Methods
[bookmark: _Toc513183734]Philosophy
Before the project can start, research will need to be conducted and in order to do this a research methodology must be decided on. The philosophy being used for this research is positivism. Positivism regards human knowledge gained through experience, using human senses as factual and scientific [38]. This is advantageous for this study, where data will be collected from users of the interface. This method will allow for statistical analysis, enabling evaluation of the effectiveness of usability guidelines and persuasive system techniques. The research will collect primarily quantitative data and where qualitative data is gathered, this will be converted in to quantitative data to aid analysis. A criticism of positivism is that it aims to explain but not understand events [43]. Therefore, during data collection this project will, whilst capturing the data through observation in order to explain the ‘what’, ensure it collects data to provide elements of the ‘why’. This will attempt to mitigate against the short coming of the positivism method.
There is an overlap with the phenomenology philosophy of research, due to the subjectivity around capturing user feedback on the interface design. Phenomenology places greater emphasis on what we feel and perceive than scientific data [39]. Therefore it’s not an appropriate primary methodology for this project, but it is recognised there is an amount of overlap. 
[bookmark: _Toc513183735]Approach
The approach for this research is deductive, meaning that it will test a hypothesis based on existing theories [40]. As this project will evaluate usability of a mobile interface based on existing usability guidelines, it is appropriate to follow the deductive approach. Deductive research starts with a theory or pattern that is expected and tests this against observations [42]. This project will test established usability guidelines, which provide the designer with certain expectations about the interfaces usability, and tests this with real world user evaluations of the design. The alternative would be to follow the inductive approach, which is a more fluid process where the nature of the research may change throughout the research period, beginning at more open and general ideas moving through towards more conceptual ideas [41]. Criticism of the deductive approach says it discourages open and unrestrained thinking by starting with an already known theory or expected outcome [44]. The aim of this project is to evaluate the effectiveness of the established thinking. Therefore this is project is focussed on understanding the benefits and disbenefits of a particular idea and is not constrained by it.
[bookmark: _Toc513183736]Strategies
This project will employ three strategies during the course of its research. These are:
1. Document Review
2. Survey
3. Software Development 
The document review will provide a good understanding of key subject areas including the elements of persuasive system design and usability guidelines. This will allow for a sound understanding of the key design elements required in the application design to enable it to function as a persuasive system, attempting to influence user behaviour in an ethical way. The survey will enable me to carry out a task analysis, to understand what users would want to use the application to do and how they would best like to do that. This will enable me to put together a definition of what the application should be able to do. I will use the MoSCoW criteria to define the minimum viable product (MVP), as well as identify the could haves and won’t haves.
The software development will be the development of the interface using software tools. This will enable the testing of the electronic interface with users, allowing me to simulate user journeys and evaluate the effectiveness of the interface design, in meeting user requirements and usability guidelines.
[bookmark: _Toc513183737]Data Collection
Once the document review has been conducted in to the topics related to this project, a task analysis will be conducted to understand user needs of an application for vehicle management. As well as their preferences when it comes to design and layout of menus and other application features. This task analysis will inform the design of the application interface, which will be subjected to user experience testing. 
The task analysis will gather a mixture of quantitative and qualitative data through the use of a survey. The survey will be targeted at customers of DVLA and will seek to identify if there are differences in the use of, and preferences in design of mobile apps by different age groups. This is relevant because the results of this will impact the design features. Any qualitative data captured will be analysed and assigned value weighted classifications. This will allow for statistical analysis of the data. The user experience testing will seek to collect majority quantitative data directly from the user. Where qualitative data is collected at source from the user, this will be assigned value weighted classifications to allow for statistical analysis also.
The purpose of the collection and conversion to quantitative data, is to allow for identification of trends and patterns within the data, through the use of graphs and other visualisations.
[bookmark: _Toc513183738]Development Methodology
[image: Waterfall development methodology]The development method used, is an important choice as it will shape the development of the product. There are many software development methods, these include:
 Figure 4 - Waterfall Methodology
Waterfall – is the traditional software development or project management methodology. It’s a linear process, each phase must be fully completed before the next phase can begin. It is a simple process to follow, but doesn’t allow for any iteration or backwards steps through the cycle. This is not a problem where requirements are fully understood and do not change. However, where the design of the final product is still emerging throughout the process, it can be costly to change it with this method.












[image: Agile Development Methodology]Figure 5 Agile Methodology
Agile development is a framework that encompasses many different methodologies, such as SCRUM, Feature Driver Development (FDD), Dynamic Systems Development Method (DSDM) and Extreme Programming (XP). Where as waterfall focusses on a linear process, Agile is a series of iterations, focussed on delivering some value early on to the user, and then iterating to continue adding additional features and value to the software. The iterative approach, makes allowances for changing and emerging requirements.









Agile is an appropriate methodology for this project. As the requirements for features within the app and the design of the interface will change throughout the project, based on user feedback. Specifically the SCRUM development method as it’s based on iterations of ‘inspect and adapt feedback loops’ [45]. SCRUM places weight on decision making based on results observed from the ‘real world’ [45]. Therefore, as this project seeks to capture real users feedback, to refine the interface design, Agile SCRUM, is the most relevant methodology for this project.
This project is developing an interface design, and the design process could just as easily be referred to as interface development. There are key components that will be developed within the design, including metaphors, mental models, interaction, navigation and usability, in addition to the appearance [46]. Testing is a key element of software development, but as a general rule when testing software, it either works or it doesn’t, resulting in a binary answer. In interface testing, the results of testing are much less binary. Largely because user testing is most commonly used, which doesn’t lend itself to providing the developer with a binary answer. So during the development phases the project will employ inspection methods (without the need for users), conducted by experienced usability professionals and testing methods conducted with real users [46]. The table below shows a summary of these methods.Figure 6

 











The Heuristic Evaluation (HE) is where the usability professionals will be required, they will inspect each element of the design and assess whether or not it is in keeping with established usability guidelines [48], for example Nielsen’s Usability Heuristics[49]. The cognitive walkthrough (CW) involves a user carrying out a task, with step by step instructions, to allow for evaluation of the usability element of the interface [46]. Thinking Aloud will require the user to verbalise their thoughts [46], allowing for understanding of their thoughts and reasons for their actions when interacting with the interface. Field observation is the viewing of the user, when interacting with the interface. This can allow for detection of body language or facial contortion, which may not be verbalised. The thinking aloud can be compared to the field observation to provide more informed and cross checked data. Following their experience of using the interface, users will be asked to complete a questionnaire, that will collect data on aspects of the interface design and mobile application features related to the persuasive system design. An explanation has been provided under ‘Data Collection’ as to what type of data will be collected and how it will be used for analysis.
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The table below is the risk register created for this project. This is a living document and will be updated throughout the period of the project.
	Risk Name
	Risk Event
	Mitigating Actions

	1. Restricted Library Access
	Prevented from accessing the library to conduct literature review for long periods.
	UWTSD has online library access with access to ACM and IEEE digital libraries. DVLA has Open Resource Centre (ORC) with access to books on interface design, web design and more.

	2. Task Analysis Participants
	Unable to get participants or sufficient numbers for task analysis.
	Can obtain student email list and request participation via email. Can invite some of the 5000 colleagues at DVLA to participate, starting with known contacts circa 60. This should be more than sufficient. 

	3. User Testing
	Unable to get participants to take part in user testing of interface designs.
	Can request fellow students participate. Can invite DVLA colleagues to participate. Can also approach wider groups that I’m involved in AWS South Wales User Group and Design Swansea.

	4. Unavailability of UX Lab
	Unavailability of UX lab for user testing sessions.
	Request UX lab early on. Testing not due to take place until 2019. Request booking during less busy period and time of day.

If UX lab is an absolute no go, can book a meeting room and conduct user testing in this space. If this is the case, will need to get hold of additional resources including camera to record session and PC/Laptop/mobile device to display interface designs.

	5. Software Trail Periods
	Certain software packages have limited trial periods. This could mean interface designs are inaccessible once built.
	Chose prototyping software that does not have expiry periods on trial or LITE versions.

	6. User feedback 
	User feedback is not quantifiable.
	Ensure user feedback capture methods include ways to capture quantitative data, in addition to qualitative data.

	7. Timescale
	Not enough time to complete whole project, project elements.
	Create a list of tasks in advance to ensure all tasks are known and understood prior to undertaking them. This will allow for the creation of a project plan, to allow for time boxing of tasks, through to completion.



[bookmark: _Toc513183740]Analysis of Data
The data collected by this project will be analysed in 3 different ways:
1. Statistical analysis of data collected to identify trends and patterns.
2. Comparison of user requirements to completed design.
3. Comparison of final design to Schneiderman’s and Nielsen’s usability guidelines.
These three methods will allow for the straightforward identification of patterns, trends and generalisations to be made from the quantitative data. The project will also employ methods to assess qualitative data collected, beyond simply the capturing of the content.
The user requirements collected through the task analysis and subsequent usability tests will be compared with the elements of the final interface design, to identify how fully the final design meets the requirements. If there is a difference between the original user requirements and the final interface design, the user feedback from the usability testing will almost provide an audit trail for the deviation away from the original requirements.
The comparison of the final design to the established usability guidelines will be interesting, as this will either confirm or deny their effectiveness, by comparing the final design to the perceived wisdom of the usability guidelines.



[bookmark: _Toc513183741]Resources and Planning  
	Resource
	Timescale
	Action Required

	1. Computer to conduct literature review and create software design
	Full length of the project
	None. Already have multiple laptops and access to PC’s.

	2. Access to online library resources 
	Full length of the project
	None, as a student of UWTSD I have access to the online library over the summer period.

	3. Pens and paper to draw out paper prototypes and wireframes
	3 months max
	None, have copious amounts of paper and coloured pens.

	4. Software to create interface design
	Full length of the project (initially to learn the software and then to complete the design)
	Have access to MS PowerPoint. InVision is an online software tool that allows free access for prototyping interfaces.

	5. Participants to conduct task analysis.
	1 Month at beginning of the project and 1 month at the end of the project. Plan is to reuse these users to review the final interface design.
	Write out to a group of participants, who are representative of users, across ages, gender and digital literacy.

	6. Participants to take part in user testing of prototype interface designs.
	3 month period during the development phase.
	Write out to know groups, colleagues to request participation and get dates in diaries. Make sure your over request to mitigate against drop outs.

	7. Video recording equipment to record user testing sessions.
	3 month period during the development phase.
	None, can use GoPro or mobile phone to record footage.

	8. Forms software to create task analysis and capture user feedback of final design.
	Length of the project.
	Google forms is free to use and provides visualisations of data collected. Survey Monkey is free to use also.

	9. Use of the usability lab to conduct user testing
	3 month period during the development phase.
	Book usability lab ahead of time, in a known quiet period.
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important cognitive traits of humans, their perception and their further clarity.

emotions. Among other things, the study of human motivation .

resides in the gﬁe:ld of psgychology. Yf[aditionally cognitive 2.1 The PSD Model: Persuasion Con_text
psychology has played a large part in computer interface design Fn the F.'SD model, the Per.suasiun context comprises elen}enls
as such [7]. influencing whether persuasion can take place. The context itself
is composed of the intent, event, and strategy. See Fig. 1.

Rhetoric holds a special place in the study of computer-mediated

persuasion [8, 9], as rhetoric is the father of both modern The Persuasion Context:

humanistic thinking and philosophy coining the term persuasion

itself [1, 10, 11] The Intent Cl. Persuader
The disciplines mentioned above overlap and are very broad

areas. However, we must also note that none of these on their own C2. Change type

encapsulate technology-mediated persuasion; rather they seem to
touch upon some aspect of it. What distinguishes persuasive
systems from other systems is that persuasive systems are The Event
inherently transformative. Persuasive systems deliberately attempt
to infuse a cognitive and/or an emotional change in the mental
state of a user to transform the user’s current cognitive state into
another planned state. The focus of any persuasive system must
be a technology-mediated transformation of either attitudes or C5. Technology context
behaviors, including a transformation by bolstering or reinforcing
existing attitudes or behaviors [12, 13].

C3. Use context

C4. User context

The Strategy C6. Message

The paper falls in three sections: Firstly, we will present the
selected research method and describe the framework for
literature review as well as the selection of the papers included in C7. Route
the review. Secondly, we will explain our gathering of data, the
analysis, and the findings. Thirdly, we will outline the

implications and future directions for the researchers and

Figure 1. Core components of the PSD Model [12].

practitioners in the field. The intent: The intent includes the persuader (C1, C to denote

Context) and the deliberate target behavior that the system is to
2. Research method cause in the user (C2). The persuader is the system designer;
It would have been possible to search for research papers designing the system that is to persuade its users. The persuader

published in a broad range of journals, e.g. in the fields described addresses the overall deliberate behavior or attitude change that
in_previous section, that that would touch upon individual resides at the macrosuasion level in which the overall intended
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