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[bookmark: _Toc132898232]Abstract	Comment by Andrew Green: Text is far too small. First thing I did was adjust the font sizes of the styles used.
A client of a medium sized business has requested a mobile application to be developed that is able to take user-generated data and store it in both a local and cloud-based database system. There are various current applications in the market today that can do much of what the client has requested but lack various key features such as uploading various types of media files and the integration of a content management system. This paper covers the various existing data collection applications, the types of suitable technology platforms that are available to use for the development of an application. While considering user interface design heuristics and various legal and ethical considerations associated with the collection of data.

[bookmark: _Toc125968087][bookmark: _Toc125968129][bookmark: _Toc132898233]Introduction
This project consists of the development of a mobile based application which utilises both a local and cloud-based database system while also consisting of a research and literature review which focuses on the investigation of various existing data collection applications, suitable technology platforms, interface design methods and legal and ethical considerations. The project has various project phases throughout the lifecycle that consist of planning, research, development, testing, evaluation and reflection.	Comment by Andrew Green: Not great proof reading.
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When conducting a project, it is important to research and review literature to help build an understanding of why the project is being created and to provide a background of the industry it is being developed for. For this project the identification of various current data collection applications on the market and to highlight both their strengths and weaknesses will be conducted. While also researching the various suitable technology platforms that could be used for the development of the mobile application, investigating into the legality, ethical considerations and the various user interface design methods. This allows for a gaining in understanding and knowledge of the topic to provide a much better understanding when it comes to the scope, designing and development of the project. 

[bookmark: _Toc132898236]Investigation into the practice of Heritage. 
Heritage is a broad term, but consists of “artefacts, monuments, a group of buildings or sites and museums that have diversity of values or places that have historic significance” (1). Heritage also includes “preserving, [...] displaying or restoring a collection of old things” (1) this also applies to historical buildings and archaeological sites. Heritage sites “help us examine our history and traditions which enable us to develop awareness’s about ourselves. It also allows us to understand and explain why we are the way we are. While, also identifying key culture which plays into our politics, society and world-view” (2). 

[bookmark: _Toc125968090][bookmark: _Toc125968132][bookmark: _Toc132898237]Investigation into existing data collection applications 
Many of the features and requirements that the client has requested and identified for their bespoke mobile application are not currently available in many of the current existing applications. 

The first existing data collection application was “Device Magic” (3). This application “allows for teams and individuals to complete forms which are used to for data collection from any location at any time” (3). The application allows for users to simply drag-and-drop fields which can be used for unique customization to tailor to their needs. Moreover, it allows for data to be collected and stored if there are no available network connections. Device Magic did fulfil most of the client’s requirements. These included, “the use of specific data fields, such as geographical location, date, time, free-text and images” (3). While also providing key integrations services such as, “SFTP, SQL, Google Drive and Microsoft OneDrive” (3). However, Device Magic did have various features that were lacking which would result in the client not using this application for their business. The reasons include, not being able to upload audio and video files and having to purchase a subscription plan to access the various in-app features that Device Magic offers. Additionally, the application also doesn’t provide the client with the option of integrating a content management system to the data collection form.   
 
The second application was ‘Fast Field’ (4). This application is a “complete and fully customisable solution” (4) for the collection of data. Fast Field allows for users to develop their own tailored data collection-based forms, without the need of technical experience. The application also “allows for users to visualise their data in real time, this is done by using key performance and interactive dashboards” (4). Moreover, Fast Field also has a large range of tools and features that can be beneficial for users such as, “offline data capture, data delivery, image capture with annotations and drawings, geotagging and timestamps and dynamic workflow integrations” (4). Fast Field does provide various services and tools that would be beneficial for the client, and which would meet their requirements. Such as the “ability to record data offline and capture images with annotations. Additionally, the ability to integrate data to online cloud-based database and file storage systems such as; SFTP, Dropbox and SQL Server” (4). However, FastField does lack some features that the client requests which includes, the ability to upload video and audio, the ability to connect the application to a content management system. Additionally, to use all of the available features that Fast Field offers, a paid subscription plan would be required.

The final application was ‘Zoho’ (5). This application provides many of the features from the previously investigated applications. Zoho Forms allows users to conduct and store data without the need of an internet connection. This is done by “storing the data offline and then syncing to the cloud when there is a connection to the internet established” (5). The application also provides a “drag-and-drop builder which contains 30+ field types that can be used to collect data.” (5). Zoho does again provide many of the features that the client has requested for their data-collection application. These include various input fields such as geolocation, time, data, image input and text-based fields. While also being able to store the data locally and via the cloud. However, Zoho does lack some of the features that client requires. Firstly, Zoho restricts users to their own in-house cloud-based storage solutions and doesn’t offer third-party alternatives such as OneDrive or Dropbox. Secondly, the data that is collected cannot be sent to a content management system and most of the features that this application offers is restricted by a paid subscription service. Finally, Zoho also doesn’t contain the ability to collect data that is in the form of video and audio.




[bookmark: _Toc125968091][bookmark: _Toc125968133][bookmark: _Toc132898238]Investigation into suitable technology platforms (the delivery and coding) 
Android Studio and Visual Studio Xamarin were the two development environments that were considered. Visual Studio “Xamarin is a development platform that allows for the development of cross platform iOS, Android and Windows Applications in the programming language of C#” (6). Xamarin is the framework that is being used. While Visual Studio acts as the IDE and provides various features for the development of the application. The .NET Framework is also used, this “provides a development framework that provides a programming interface to use Windows services and APIs” (7). Xamarin also supports a wide range of programming languages that include, “Objective-C, Java, C, C++ and C#” (8). There are many benefits of using Xamarin, the first benefit is that it can be used to “leverage existing C# and .NET skills” (9). This is due to the fact that developers can use the various features that C# and the .NET framework utilises. It is also claimed that “individuals and groups have made a significant investment” (9) in both the programming language and framework to develop both iOS and Android based applications. The second benefit is that “code can be reused in cross-platform development”. Xamarin gives developers the capability to reuse large portions of existing code, such as “service client logic, client-side validation, data caching and client-side data storage” (9). While also allowing for some user interface and main application code to also work in a cross-development environment. By allowing portions of existing code to be reused, “this can save significant cost and time” (9) in the development phase. Although there are benefits to Xamarin, there are also drawbacks. The first drawback is “updates” (9), this is due to the fact that when mobile devices applications such as iOS and Android update, it takes some time for the corresponding releases of Xamarin.Android and Xamarin.iOS to be released. This is due to the lack of zero-day support. However, “Xamarin is aiming for zero-day support” (9). The second drawback is “code sharing”, although this is a benefit, it can also be perceived as a drawback. This is due to the fact that “portable class libraries that Xamarin use are shared between multiple applications. While platform-specific libraries cannot be referenced” (10) for each of the various applications on each different platform. 

Android Studio is another platform that allows for the development of android based applications. Android studio “is based off the powerful code editor and developer tools from IntelliJ IDEA” (11). Android studio provides users with many features such as (11); “extensive testing tools and frameworks”, “unified development environment”, “fast and feature-rich emulator” and “lint tools to catch performance, usability and compatibility problems”. When it comes to program language support, Android Studio supports, “C, C++, C#, BASIC, Java and Kotlin” (12). There are many benefits of using Android Studio. The first benefit is that Android Studio is native to Android. “This means that unlike some other IDEs, such as Visual Studio. Android Studio is designed specifically for developing android applications” (13). The second benefit is that it contains a “feature-rich environment” (13). This means that there are various tools that are provided which can help aid developers. These tools include, ”performance-analytics, app indexing, APL analyser and translation editor” (13). Another benefit is that it provides developers with faster coding and development times. This is due to the fact that “Android Studio is able to help developers code faster, by using features such as live-rendering which allows developers to code the application while the app updates in-real time” (13). This prevents the need for restarting the application every time a small change is made. Although there are many benefits to using Android Studio, there are also drawbacks to using this development platform. The first drawback is that it lacks the ability to develop cross-platform applications. Unlike Xamarin, Android Studio only tailors to the development of Android applications, while Xamarin is able to develop both iOS, Windows and Android based applications. This means that a separate IDE or an application port would need to be used to develop an iOS version of the application. The second drawback is that Android Studio uses a lot of hardware and system usage. This is due to the fact that “Android Studio requires a lot of RAM and CPU power in order to run and function correctly” (13). This is most likely due to the use of Android Emulators and the vast array of features and tools associated with Android Studio. Another drawback is that there are various “Security Issues” to consider. Due to the fact that Android “is an open-source operating system, developers are able to have a larger range of customisation of the platform. However, because of this, it makes the code of the application vulnerable to various security threats” (14). This means that “developers are responsible for the security of the application during the development process” (14). 

There are various programming languages which could’ve been used to develop the application, these included, Kotlin, C# and Java. When looking at the popularity of these programming language via Statista, it is clear that some are more favourable than the others when it comes to general use of software developers. “Java had a usage of 48%, C# 25% and Kotlin 16%” (15). 

C# is a “simple, object-oriented programming language” (16). It has familiar routes to Java and C++, “while also being standardised as the ISO-23370’ (16). It can be used to develop cross-platform applications with the help of the Xamarin and .NET framework. There are multiple benefits to using C#, the first benefit is, object-oriented programming. This concept is beneficial since the language is “able to define the type and structure of data, this also allows for functions to be applied” [...]. “This also allows for the application to be broken into smaller pieces due to the fact that data is turned into objects, this allows for a faster build, easier testing and easier to read” (17). Another benefit is that C# is part of a family of languages. This “programming language relates to the C-Family and Java” (17). This means that it’s easy to learn if someone has previous programming experience with any of those languages, due to the fact that they share similar syntaxes and principles. Although there are benefits to C#, there are also drawbacks. The first drawback is that it has a hard learning curve, for developers who have never coded before. The reason for this is due to the fact that “C# has various .NET libraries [...] and run-times which are required if you want to develop cross-platform applications” (17). Another drawback is the fact that the programming language is heavily dependent on the .NET platform. This is due to the fact that “.NET and C# require various different runtimes for various platforms to run correctly, unlike Java which can be run on any platform” (17). 

Kotlin is a “modern, statically typed android compatible programming language which is designed to fix many problems that Java contains” (18). Kotlin is a programming language that was inspired by various other languages like Swift, Scala and C#. The creators of Kotlin claims that “it takes application development to a whole new level by improving the quality of code and boosting performance” (18). Moreover, In “2017 Google provided official support for Kotlin” (18) when it comes to the development of Android applications. There are many benefits for using Kotlin. The first benefit is interoperability. This is due to the fact that “Kotlin is designed to seamlessly work with Java this also includes java-based libraries and frameworks” (18). This also allows for the use of both Kotlin and Java in the same development projects. Another benefit is versatility. Kotlin is able to be used for the development of “android based mobile applications, desktop applications, backend server-side applications and front-end browser code” (18). Although there are benefits to Kotlin, there are also some drawbacks to consider. The main drawback is that “Kotlin is a new language and adoption for it is slow” (19). This means that documentation and learning resources for the programming language is vast and very limited. Another drawback is that although “Kotlin shares a lot of similarities with Java, it does have many aspects which are different” (20). This means that even for experienced Java mobile-app developers, they will need to spend some time learning and getting familiar with Kotlin.

Java is a general-purpose, “object-oriented programming language” (21). While basing its rules and syntaxes from the C and C++ languages. “Java is also a multi-threaded language which also contains a GIGO collector” (22). It is also considered a “dynamic language which means that it allows developers to modify their program structure which it is still running” (22). Java is one of the most popular programming languages when it comes to mobile development with 48% of software developers using it (23). There are many benefits relating to the programming language. The first benefit is that java is an object-oriented programming language. This means that data and behaviours are managed in objects. “Java also uses various concepts such as objects, classes and encapsulation” (24). Another benefit of java is android application development. This is due to the fact that developers can use the programming language to “develop and build dynamic and secure applications” (25). This is done by using “various APIs and Java based libraries which provide support” (25) for the development of mobile apps. Although there are benefits to using Java, there are also many drawbacks as well. The first drawback is that Java “consumes more system memory, this could lead to slower compiling compared to other languages such as C or C++” (26). Another drawback is Java’s garbage collector. This “is due to the fact that application performance will decrease and slow if the garbage collector is full: (27). This can be easily prevented if the garbage collector is using a smaller percentage of CPU time. 

[bookmark: _Toc132898239]Investigation into suitable user interface design methods for mobile application development
Jakob Nielsen’s usability heuristics are a way of evaluating user interface designs to identify and prevent usability problems from arising. When it comes to the various heuristic principles, there are 10 key heuristics that should be considered when developing an application. The first heuristic is the visibility of system status. This is where the “design should keep users always informed of what is going on” (28). This is done to communicate what the application is currently doing and to minimise any consequences to the user. This could include the use of waiting icons, and titles within an application. The second heuristic is the match between the system and the real world. The “design should speak the user’s language with the use of correct works, phrases and concepts familiar to users” (28). This is done to prevent any confusions when it comes to the use of the application, users shouldn’t need to search up definitions of words, it’s important that the user is able to understand the terminology of words within the application. The third heuristic is user control and freedom. This is where users “make mistakes when performing actions and should have a clearly marked ‘emergency exit’” (28). By providing users with back and undo buttons this allows for action mistakes to be reverted and to prevent specific functions executing. The fourth heuristic is consistency and standards. The reason for this is that “users should not have to wonder whether different words or actions mean the same thing” (28). Applications should be consistent and follow industry conventions to prevent any issues such as cognitive load which forces users of the application to learn new things. Error prevention is the fifth heuristic, “good error messages are important” [...]. However, “best designs carefully prevent problems from occurring in the first place” (28). This means that measures such as confirmation pop-ups or removing features that could cause errors should be considered when developing the application. By doing so, this will lower the chances of users making mistakes. The sixth heuristic is recognition. This means that the application design should “minimise the user’s memory load by making actions and options visible” (28). This done to offer help when the user needs it and prevents the need of long tutorials or documentations to understand and remember specific in-app features. The seventh heuristic is flexibility and efficient use. This is where shortcuts are used “hidden from novices but allows experts of the application user to speed up their interactions” (28). This allows for the catering of a wider range of users and allows for the tailoring and customisation of actions between users. The eight heuristics is aesthetic and minimalistic design. This is where “interfaces should not contain information that is irrelevant or rarely needed” (28). The main content of the application should be the focus and unnecessary elements shouldn’t distract the user from using the application and carrying out the key functions that they want to do. The ninth heuristic is, helping users recognise, diagnose and recover from errors. This relates to the fact that “error messages should be expressed in a plain language which indicates the problem” (28). By doing this, this allows for users to notice and understand that an error has occurred. Error messages should not have error codes or any sort of technical language and should follow traditional visuals such as red and bold text. The final heuristic is, help and documentation. The guidelines highlight that “it is best that the system doesn’t need any additional explanation [...] it may be necessary to provide documentation to help users understand” (28). 

Ben Shneiderman’s eight golden rules of interface design is another way of evaluating user interface designs. By following these 8 rules of interface design this can be used to provide and apply a positive experience for users who are using mobile applications. The first golden rule is consistency, this is where “identical terminology should be used” (29). Consistent colour, layout, font should be used throughout the whole application. This allows for users to gather a clear understanding of the layout and prevents the user from needing to remember a variety of different logos and actions. The second rule is universal usability. This is where the application needs to be designed in a way that allows for “novice to expert users, age ranges, disabilities and technological diversity” (29). By having an app that is universal, this allows for both users with disabilities, such as visual or motor impairments and less technically savvy users to use an application without any restrictions. The third rule is informative feedback. This is where “for every user action, there is feedback from the interface, whether that is for frequent or minor actions” (29). This is used to communicate to the user of the application that there is a function or action currently taking place, this allows for the user to identify that there is something taking place in the background. In order for the user to understand that feedback is happening, waiting icons, popups or text can be used to alert the user. The fourth rule is design dialogs. This rule is based off of actions which “should be organised in groups with beginnings, a middle and an end”. This means that an application should give the user feedback when they have finished a function or action within a mobile app. This provides users with a “sense of satisfaction and accomplishment” (29). An example of this is when a user has finished submitting a form and a popup shows to say that is has been submitted. The fifth golden rule is error prevention. In order to prevent errors, the interface should be designed in a way that prevents users from making them, such as “greying out menu items” (29) and create data validation methods for user input fields. Additionally, if users do make errors, “the interface should provide them with simple, constructive instructions for recovery” (29). The sixth golden rule is reversal of actions. This is where users should be able to reverse the actions that they have made, this can be applied to actions or data-entry fields. By doing so, “this relives anxiety from users, since they know that if they do make mistakes, it can be easily reverted” (29). The seventh rule is user control. For users who are experienced, they don’t want to have any sense of change when it comes to the interface, this includes “unexpected surprises or tedious data-entry tasks” (29). These types of uses want to be “in charge of the interface and respond to the user’s actions that they make” (29). The last golden rule is reducing short-term memory load. The reason for this is due to the fact that “humans’ have a limited capacity for information processing in short-term memory” (29). This means that interfaces should be designed in a way that allows for the user to remember without the need of constant learning. This also means that lengthy data collection forms should be compacted to fit a single display. 

[bookmark: _Toc125968092][bookmark: _Toc125968134][bookmark: _Toc132898240]The legality implications and ethical considerations associated with data collection.
Since the client is not collecting any data that is deemed sensitive, the legality issues regarding data collection are far less severe than if the client was collecting sensitive data. However, the client must still follow and abide by the General Data Protection Regulation (GDPR). Although GDPR “establishes the general obligations of data controllers and the processing of personal data” (30). In Article 4 it highlights that “personal data or any information which are related to an identified or identifiable natural person [...]” it states that “only if the processing of data concerns personal data” (31). Since the client isn’t collecting data of identified/identifiable people or processing data that concerns personal data, they do not need to follow the whole of the regulation, due to the fact that it’s only personal notes that are being stored and processed. When it comes to ethical issues, it is important that the client uses consent forms or is censoring specific elements when taking audio, video and images of Heritage Site locations. They will need to make “sure that they avoid or minimise anything that could cause physical or emotional harm to people” (32). “There is currently no law prevent people from taking photographs in a public place” (33). However, due to the fact that the vast “majority of heritage sites are in private ownership” (34 the client will need to ask the landowners permission before collecting various media data. 	Comment by Andrew Green: How do we know? No definitive statement of requirement has been made yet.

[bookmark: _Toc125968093][bookmark: _Toc125968135][bookmark: _Toc132898241]Summary
To summarise, the project will consist of the development of a data-collection application that will be able to store data into both a local and cloud-based database system. This will be developed using the IDE Microsoft Visual Studio, while also utilising the programming languages of C# and Xamarin. The reason for choosing these delivery and coding approaches was due to the various benefits that are associated with, such as the object-orientated programming language and having the ability to test and debug at a quicker pace. While also being able to support and develop an application across multiple platforms (iOS and Android). Additionally, the use of Jacob Nielsen’s 10 user interface design heuristics will be used in the development and testing aspects of the project, this allows to design the application in a way that is beneficial to users and to give them a positive experience when using the application. This will also be used in the testing phase to identify any key issues that may be identified. The reason for choosing Nielsen’s over Shneiderman’s was due to the fact that they both share various similarities when it came to heuristics. Additionally, Nielsen’s heuristics covered a large range of user interface design rules.  	Comment by Andrew Green: Which?  Why is this being chosen?
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[bookmark: _Toc125968095][bookmark: _Toc125968137][bookmark: _Toc132898243]Philosophy 
Phenomenology was the research method chosen for philosophy. “Phenomenology is the study which attempts to understand a subjective, perspective and lived experience of an individual” (35). Since the project contains stakeholders and clients, their view was required to both define specific requirements for the project and to also make sure that the end-project meets those requirements. By understanding the clients view this allows for a clear identification of what the app needs to do, how it should function and to identify whether the project was successful or not. The reason for involving the client within the project was to do with the fact that they will be using this product on a day-to-day basis.

[bookmark: _Toc125968096][bookmark: _Toc125968138][bookmark: _Toc132898244]Approach
The inductive approach was used within the project lifecycle. The inductive method “involves the search for patterns from observations and the development of explanations” (36). It was important to begin with a topic which can be developed in order to make generalisations. During the initial stages a hypothesis or solution cannot be identified, this is because these can only be defined when the project has been completed (36). The reason for choosing this method is that the project application that is being developed needs to be fully-developed to understand whether or not the end results are suitable for the client. 

[bookmark: _Toc125968097][bookmark: _Toc125968139][bookmark: _Toc132898245]Strategy
Action research was the chosen research strategy. Action research is “an approach in which the action researcher and client collaborates in the development for a solution” (37). The reason for choosing this method was due to the fact that the project contains a development aspect which allows for the use of collaboration with the client. Using collaboration, allows for constant discussions with the client to understand if requirements have been met and whether any necessary changes during the development phase are required.

[bookmark: _Toc125968098][bookmark: _Toc125968140][bookmark: _Toc132898246]Time Horizon
Cross-sectional time-horizons was used when conducting the project. This is due to the fact that data was gathered from samples at one specific time, since the project is focusing on developing a mobile application with a client (38). By using this time-horizon approach this can allow for data to be gathered from a specific time in the project lifecycle. When applying this method to this project, cross-section was used to gather data from the testing phase of the development project. This was done to make sure that project requirements were fulfilled and whether or not the project is able to function correctly. 

[bookmark: _Toc125968099][bookmark: _Toc125968141][bookmark: _Toc132898247]Data Collection
During the project lifecycle, interviews were used as the data collection method. The reason for utilising interviews, was due to the fact that frequent talks with the client were conducted in order to receive feedback and to ask them various questions that could aid with the project. Two types of interview methods were conducted during the lifecycle of the project, structured interviews were used for conducting end user testing of the application. While unstructured interviews were used to identify project requirements and to gather feedback on the project designs that were created (39).  

[bookmark: _Toc125968100][bookmark: _Toc125968142][bookmark: _Toc132898248]Evaluation Criteria 
Evaluation strategies are used to assess how well the project has been implemented and executed. This is done by comparing the final product to both the client’s requirements and the project aims and objectives. By using this method, it is easy to understand whether or not the project was successful or not.

[bookmark: _Toc125968101][bookmark: _Toc125968143][bookmark: _Toc132898249]Methods of Testing
When it came to the method of testing the use of functional and usability heuristic testing were used. Functional testing involves the “testing of the application against the business requirements” (40). This was beneficial for the project since the client provided all of the requirement for the project during the planning phase. The requirements acted as a checklist when testing was conducted, and due to the fact that the client was able to test their own application, this allowed for both any issues to be highlighted and any necessary feedback to be provided. Functional testing was composed of, unit, system, usability and acceptance testing. Usability heuristics was used as guidelines when conducting usability testing. Testing was based off of Jakob Nielsen’s ten general principles for interaction design which included (41); visibility of system status, system-and-real world, user-control, consistency, error-prevention, recognition, flexibility, aesthetic, error recovery and documentation.  
[bookmark: _Toc125968102][bookmark: _Toc125968144]

[bookmark: _Toc132898250]Development Methodologies
[bookmark: _Toc132898251]Rapid Application Development 
Rapid Application Development also known as RAD was the chosen development methodology for the project. The reason for this methodology being selected is due to the fact that it is an adaptive software development-based model which focuses more on the prototyping and development aspects of a project, while focusing less on planning. By applying RAD to the project this allows for prototypes to be developed first, this can then be used to construct the final application with minimal errors. The key focus of using RAD is that it “attempts to reduce inherent risk by breaking a project into smaller segments, which can provide a more ease-of-change during the development process” (42). 

There are 4 key phases that are involved when using RAD, these phases include (43). Planning, this is where the project scope is created, requirements are defined, meetings with the client take place and any issues that may arise during the other phases of the project. The second phase is design, after the requirements and scope have been defined the design of various protype iterations are developed. This allows for each part of the project to be tested on its own this makes sure that it is functioning correctly while also allowing for any design tweaks to be applied. The third phase of the methodology is the construction phase. This is where the protypes are taken from the design phased and are merged into the final project. Due to the fact that most of the problems are ironed out during the design phase from the prototypes, this reduces the number of errors that will arise in the final project. Allowing for a quicker construction time. This is also when the project is run through rigorous testing to ensure that all of the requirements and functionality are working correctly. In the final phase of the development method is the cutover phase, this is where the project has been launched and is used by the client. Moreover, this is also where any hidden bugs or issues are identified and fixed, ensuring that the application is working correctly.  

[bookmark: _Toc125968104][bookmark: _Toc125968146][bookmark: _Toc132898252]Software and Programming Languages
The programming language that was used to develop this project was C# while also using .NET and Xamarin as frameworks. While the software which was used during the development and other phases of the project included:
· Visual Studio Community Edition 2022 Integrated Development Environment
· Microsoft Office Suite (Word, Excel, PowerPoint, Teams)
· Adobe Creative Cloud Suite (Photoshop, Illustrator, Premiere Pro, XD)

[bookmark: _Toc125968105][bookmark: _Toc125968147][bookmark: _Toc132898253]Hardware
During the development of the application and all other phases of the project, the following hardware specifications were used:
· Processor: Apple M1 Pro (10-Core | 3.2 GHz)
· Graphics Card: Apple M1 Pro 16-Core GPU/NE (16GB)
· Storage: 512GB
· Memory: 16GB

[bookmark: _Toc125968106][bookmark: _Toc125968148][bookmark: _Toc132898254]Materials and Tools
[bookmark: _Toc125968107][bookmark: _Toc125968149]Materials and tools which were used during the development of the project include;
· Virtual Machine Emulators for both iOS and Android (Xamarin and XCode)
· Visual Studio Community Edition 2022 Integrated Development Environment
· NuGet Packages: firebase-storage, firebase-database, Xamarin-essentials-connectivity, SQLite-PCL-net
· DB-Browser for SQLite (testing to see if local data does save)




[bookmark: _Toc132898255]Design
[bookmark: _Toc125968108][bookmark: _Toc125968150][bookmark: _Toc132898256]Project Requirements
The client had set out a range of requirements that were required in order for the project to be successful and functional, these requirements included:

· Inputting and storing data which includes; text fields, uploading image, video and audio, date and time fields.
· Viewing data that has been recorded previously.
· An android based mobile application.
· Data that is being collected needs to be stored in a local and cloud-based database. 
· Data that is collected needs to be exported for further analysis.
· Possibility of sending data that has been collected to an open-source Content Management System.

[bookmark: _Toc132898257]Project Aims and Objectives

Aim 1: Investigate the viability of a bespoke cloud enabled data-collection application in the field of heritage and restoration. 
Objective 1: Determine the client requirements and the remit of the type of data that is being collected and stored.
Objective 2: Investigate the culture of practice and legal requirements of data collection.
Objective 3: Investigate existing data collection applications and the various viable development technology platforms.
Objective 4: Investigate usability heuristics which can be applied to provide a positive user experience. 

Aim 2: Develop a bespoke cloud enabled data-collection application in the field of heritage and restoration. 
Objective 1: Create a system interface design for the data-collection application using suitable user interface heuristics.
Objective 2: Develop a mobile-based application that can store data both locally and via the cloud.
Objective 3: Test and evaluate the bespoke cloud enabled data-collection application to identify whether or not it meets the client’s requirements.

[bookmark: _Toc125968110][bookmark: _Toc125968152][bookmark: _Toc132898258]System Interface Design
Before developing the project application, it was important to design what the mobile application would look like, this would give an indication of what is going to be required and whether or not the client thinks that this is the most optimal way for them to use the application. Due to the many functions that the application would have, a menu page would be required, this is where all of the application functions would be located such as; creating, continuing, viewing previous field reports and viewing local data. The main menu would also include various additional functions such as exporting data, checking for a network connection and syncing data to the cloud. It was also important to make the buttons large enough for the user to interact with, without any issue, this also includes the text within the application. This allows for easy viewing and ease-of-access. After designing the system interface mock-up, it was sent to the client for feedback. No issues were reported back, and the design was sufficient for their expectations. 

[image: Graphical user interface, text, application
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[bookmark: _Toc125968111][bookmark: _Toc125968153]

[bookmark: _Toc132898259]Implementation
[bookmark: _Toc132898260][bookmark: _Toc125968112][bookmark: _Toc125968154]Mobile Application User Interface Design
In order to design the mobile application interface XAML was used. XAML is an Extensible application markup language which is used to help build user interfaces for Xamarin.Form applications. Various elements were used in designing the applications user interface, such as a content page, this is where the various user interface content will be located. Scroll view, was used to allow for the interface to be scrolled up and down by the user. Frames were used to act like banners where the company name would be located, this acts as the top of the user interface. Buttons were used to carry out various actions in the application, such as selecting various media or submitting data that was inputted into the form. Editors were used to allow the user to enter the various data that they want to collect, this was used for the various fields such as; text, date/time, location and media captions. Labels were used to provide the user with information for what each editor did and what each part of the user interface did. Finally progress bars were used to indicate to the user that the media that was selected was uploaded to the cloud-based database system. When developing the application, it was clear that the iOS version of the application had a much cleaner, usable and responsive user interface. While the android version of the application was very unresponsive and slow. 	Comment by Andrew Green: This is not terribly important and should have been UI design principles as used in the design.	Comment by Andrew Green: This is important
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[bookmark: _Toc132898261]Problems and Successes
During the development phase, there were many problems that arose. The first problem was setting up the local database, the reason for this was due to the fact that various methods of the local database were not working correctly, this included the saving of data locally and viewing stored local data. The reason or the data not being stored locally was due to the fact that there was an error with a line of code that the syntax wasn’t highlighting, this was due to the fact that “database_” was not spelt correctly, which was easily resolved by debugging each individual method. However, viewing stored local data is still a problem with the application and the fix is on-going, it is clear that various lines of code will be required to view the local data, although the method for gathering data is already implemented into the application. The second problem that was associated with the project was connecting the content management system to the application. Reason for this problem was due to project. If there was additional time to the project lifecycle, there is a high chance of the application having the ability to send data to the CMS. There is various documentation available from Expression Engine which explains how to set-up a connection and how to send the data from the cloud-based database system to it. Another problem that arose was issues with the IDE. The reason for this being a problem was that the application couldn’t be ran since a new update prevented the emulators from working. This prevented any further development from taking place and resulted in the IDE, the packages and the emulators being reinstalled. 	Comment by Andrew Green: So this does not work then???

Although there were a few problems associated with the project application, there were also some successes. The main success was the various prototypes which were developed, functioned correctly. Various prototype applications such as; storing data in a local database, storing data in a cloud-based database and storing media in a cloud drive. All functioned independently and when merged into one application, they all worked together. This resulted in a smaller debugging phase as there were no issues that were associated when merging each of the prototypes together into one application.	Comment by Andrew Green: Fine, these are all impressive enough.
[bookmark: _Toc125968113][bookmark: _Toc125968155]

[bookmark: _Toc132898262]Code Snippets 
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This is the method that links both the main page and menu page together, while also containing a method that creates the local database and gives it a defined file name. 
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Main application’s page layout and design code, which is written in XAML. This consist of buttons, labels and entry fields. 
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Menu page layout and design code which is written in XAML. 
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Menu page which has various buttons to navigate users to the data collection form and to test whether there is a network connection. 
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Main method of code which declares the various nu-get packages which are required for various functions to work. Additionally, the firebase cloud-based database key is declared in this method to connect to that service. Moreover, the code that will be used to store in a local and cloud-based database system.
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Continuation of the main method of the code, this is where all of the data from the various fields are uploaded to their respective databases (local and cloud based). 

[image: Text

Description automatically generated]

Code that is required for the local database to function correctly, consists of the path of the database, the method of getting the strings to be stored and the method of saving these strings to the database.
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This Class is used to save all of the data from the field notes and save them as strings, which then will be used to upload to the local and cloud-based databases. 

[bookmark: _Toc132898263]Testing
[bookmark: _Toc125968115][bookmark: _Toc125968157][bookmark: _Toc132898264]Unit Testing
Unit testing was used to check that the code within the application is working as expected. This was done by breaking down the functionality of the application into smaller chunks. This was beneficial as “unit testing has the greatest effect on the quality of the code within an application and is considered an integral part of software development” (44). 

	Test Number
	Process/Object
	Purpose of the Test
	Test Data Used
	Expected Results	Comment by Andrew Green: 1238 words in this test table.

	[bookmark: _Hlk132369392]1
	Entering field note data and saving the data to the firebase cloud-database system. 
	The purpose is to verify if the prototype is able to save user generated data to the firebase cloud database system.
	“TestFieldNotes”, “TestLocationInput”, “12:00”, 01/01/2023”. 
	No issues should arise, expected results is that the prototype is able to conduct the correct function.

	[bookmark: _Hlk132533375][bookmark: _Hlk132533347]2
	Uploading media and saving the files in a cloud-based firebase storage system.
	The purpose is to verify if the prototype is able to save user generated media-based data to the firebase cloud file storage system.
	“[Image File (.PNG)]”, “[Video File (.MP4)]”, “[Audio File (.MP4)]”
	[bookmark: OLE_LINK16]No issues should arise, expected results is that the prototype is able to conduct the correct function.

	[bookmark: _Hlk132533841]3
	[bookmark: OLE_LINK29]Entering media captions for the files that have been uploaded to the cloud. 
	The purpose of this test is to verify if the prototype is able to save user generated captions/notes for media that has been uploaded to the cloud.
	“ImageCaptionTest”, “VideoCaptionTest”,
“AudioCaptionTest”
	[bookmark: OLE_LINK17]No issues should arise, expected results is that the prototype is able to conduct the correct function.

	[bookmark: _Hlk132534912]4
	Entering field note data and saving the data to the local database system.
	The purpose is to verify if the prototype is able to save user generated data to the local database system.
	[bookmark: OLE_LINK22]“TestFieldNotes”, “TestLocationInput”, “12:00”, 01/01/2023”. 
	No issues should arise, expected results is that the prototype is able to conduct the correct function.

	[bookmark: _Hlk132535974]5
	Entering media captions for the files that have been uploaded to the local database system.
	The purpose of this test is to verify if the prototype is able to save user generated captions/notes for media that has been uploaded to the local database. 
	[bookmark: OLE_LINK36]“ImageCaptionTest”, “VideoCaptionTest”,
“AudioCaptionTest”
	No issues should arise, expected results is that the prototype is able to conduct the correct function.

	6
	[bookmark: OLE_LINK45]Uploading media data and saving the data to the local database system.
	The purpose is to verify if the prototype is able to save user generated media-based data to the local database system.
	“[Image File (.PNG)]”, “[Video File (.MP4)]”, “[Audio File (.MP4)]”
	No issues should arise, expected results is that the prototype is able to conduct the correct function.




	Test Number
	1
	Test Review and Actions Taken

	Process/Object
	Entering field note data and saving the data to the firebase cloud-database system. 
	[bookmark: OLE_LINK10]The data is inserted into the application. Using the test data that was provided. When clicking ‘Save Input notes to cloud’ button this confirms to the user that the data has been sent to the cloud, when looking at the firebase real-time database system, it is clear that the data inserted has been stored in the database system without any issues.

[bookmark: OLE_LINK11]No actions are required.

	Test Data Used
	“TestFieldNotes”, “TestLocationInput”, “12:00”, 01/01/2023”. 
	

	Expected Results
	No issues should arise, expected results is that the prototype is able to conduct the correct function.
	

	Actual Results
	Test data was inputted into the application, submit button was pressed. The data then was able to be viewed in the cloud database system.
	

	Test Evidence (Screenshots)

	
[image: ] [image: ] [image: ]





	Test Number
	2
	Test Review and Actions Taken

	Process/Object
	Uploading media and saving the files in a cloud-based firebase storage system.
	[bookmark: OLE_LINK18]The data was inserted into the application. Using the test data that was provided. When clicking ‘Save Input notes to cloud’ button this confirms to the user that the data has been sent to the cloud, when looking at the firebase storage system that is used to save media files, it is clear that the data was stored in the correct location and was able to be viewed. 

[bookmark: OLE_LINK19]No actions are required.

	[bookmark: _Hlk132537168]Test Data Used
	“[Image File (.PNG)]”, “[Video File (.MP4)]”, “[Audio File (.MP4)]”
	

	Expected Results
	No issues should arise, expected results is that the prototype is able to conduct the correct function.
	

	Actual Results
	Test data was inputted into the application, submit button was pressed. The data then was able to be viewed in the file storage system.
	

	Test Evidence (Screenshots)

	[image: ][image: ]
  

[image: ][image: ][image: ]




	Test Number
	3
	Test Review and Actions Taken

	Process/Object
	Entering media captions for the files that have been uploaded to the cloud. 
	[bookmark: OLE_LINK27]The data was inserted into the application. Using the test data that was provided. When clicking ‘Save Input notes to cloud’ button this confirms to the user that the data has been sent to the cloud, when looking at the firebase database, it is clear that the data was stored in the correct location and was able to be viewed. 


[bookmark: OLE_LINK28]No actions are required.

	Test Data Used
	“ImageCaptionTest”, “VideoCaptionTest”,
“AudioCaptionTest”
	

	[bookmark: _Hlk132534965]Expected Results
	No issues should arise, expected results is that the prototype is able to conduct the correct function.
	

	[bookmark: _Hlk132535654]Actual Results
	The test data was inputted into the application and the data was successfully stored in the database system.
	

	Test Evidence (Screenshots)

	[image: ][image: ][image: ]



	[bookmark: _Hlk132535960]Test Number
	4
	Test Review and Actions Taken

	Process/Object
	Entering field note data and saving the data to the local database system.
	[bookmark: OLE_LINK40]The data was inserted into the application. Using the test data that was provided. When clicking the ‘add to database’ button it does not provide the user with a prompt that the data has been saved, it just removes the data from the field. This can prevent uploading to both cloud and local. When checking the database file, the data was found in the correct location.

[bookmark: OLE_LINK41]Action to be taken: provide a pop-up to alert the user that the data has been saved. Also prevent data from being instantly removed from the fields.

	Test Data Used
	“TestFieldNotes”, “TestLocationInput”, “12:00”, 01/01/2023”.
	

	Expected Results
	No issues should arise, expected results is that the prototype is able to conduct the correct function.
	

	[bookmark: _Hlk132536599]Actual Results
	The test data was inputted into the application and the data was successfully stored in the local database system.
	

	Test Evidence (Screenshots)

	[image: ][image: ]



	[bookmark: _Hlk132536677][bookmark: _Toc125968116][bookmark: _Toc125968158]Test Number
	5
	Test Review and Actions Taken

	Process/Object
	Entering media captions for the files that have been uploaded to the local database system.
	Using the test data that was provided. When clicking the ‘add to database’ button it does not provide the user with a prompt that the data has been saved, it just removes the data from the field. This can prevent uploading to both cloud and local. Checking the database file, data was found in the correct location.

[bookmark: OLE_LINK50]Action to be taken: provide a pop-up to alert the user that the data has been saved. Also prevent data from being instantly removed from the fields.

	Test Data Used
	“ImageCaptionTest”, “VideoCaptionTest”,
“AudioCaptionTest”
	

	Expected Results
	No issues should arise, expected results is that the prototype is able to conduct the correct function.
	

	Actual Results
	The test data was inputted into the application and the data was successfully stored in the local database system.
	

	Test Evidence (Screenshots)

	[image: ][image: ]`




	Test Number
	6
	Test Review and Actions Taken

	Process/Object
	Uploading media data and saving the data to the local database system.
	Uploading images to the local database system does not work, users are able to upload files using the buttons provided. However, when saving the data to the local database system it does not work.

Action to be taken: file paths are not working when uploading images to the local database system.

	Test Data Used
	“[Image File (.PNG)]”, “[Video File (.MP4)]”, “[Audio File (.MP4)]”
	

	Expected Results
	No issues should arise, expected results is that the prototype is able to conduct the correct function.
	

	[bookmark: _Hlk132537241]Actual Results
	No files were uploaded to the local database. 
	

	Test Evidence (Screenshots)
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[bookmark: _Toc132898265]Acceptance Testing 
Acceptance testing was used to make sure that the application that has been developed is able to conduct all of the functions that were requested in the project requirements. This testing method’s main aim is “to test and evaluate the compliance of the system [...] and to test whether the application is acceptable for delivery” (45). This testing method also allows to evaluate whether or not the product is well developed and to identify and bugs or defects that might be present within the code. 

	Test Number
	Process/Object
	Purpose of the Test
	Test Data Used
	Expected Results	Comment by Andrew Green: 865 words in this test table.

	[bookmark: _Hlk132537800]1
	Inputting user-generated data which includes; text, time/date, audio, video and image.
	Making sure that the user can input their data into the application, this is to also verify if this requirement has been met.
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	All fields should be entered without any issues. Files should be selected via the respective buttons without any issues.

	2
	Viewing data that has been recorded previously.
	Verifying if previously recorded data can be viewed within the application. 
	No test data required.
	The user should press the button ‘view locally stored data’, which should redirect them to a page in the application that shows previously recorded data. 

	3
	Data being stored in a local database.
	Verifying if data can be stored in a local database. 
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	Data that has been inputted into the various fields should be saved in a local database system, which should show in the .db3 file.

	4
	Data being stored in a cloud-based database.
	Verifying if data can be stored in a cloud-based database.
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	Data that has been inputted into the various fields should be saved in the respective cloud-based services (firebase real-time database and firebase file storage system)

	5
	Sending data to an open-source CMS.
	Making sure that the data is able to be sent to an open-source CMS.
	TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	Data that has been inputted, should be saved and sent to the Content Management System.





	Test Number
	1
	Test Review and Actions Taken

	Process/Object
	Inputting user-generated data which includes; text, time/date, audio, video and image.
	All fields were able to be entered correctly without any issues arising. Moreover, media files were able to be selected correctly. However, only 1 media file (image, video and audio) can be selected per field report. 






Action to be taken: provide a way for the user to select more than 1 media file.  

	Test Data Used
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	

	Expected Results
	All fields should be entered without any issues. Files should be selected via the respective buttons without any issues.
	

	Actual Results
	All fields were able to be entered correctly, no issues were identified when uploading file formats. However, files were limited to 1 per upload.
	

	Test Evidence (Screenshots)

	[image: Graphical user interface, application
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	Test Number
	2
	

	Process/Object
	Viewing data that has been recorded previously.
	When clicking on the button ‘view locally stored data’ on the application menu, the button does not function at all. 




Action is required: the button does not work and does not navigate to the ‘view locally stored data’ page. 

	Test Data Used
	No test data required.
	

	Expected Results
	The user should press the button ‘view locally stored data’, which should redirect them to a page in the application that shows previously recorded data. 
	

	Actual Results
	Action is required, the button does not work and does not navigate to the ‘view locally stored data’ page. 
	

	Test Evidence (Screenshots)

	[image: ]






	Test Number
	3
	

	Process/Object
	Data being stored in a local database.
	The test data was inputted into the application. The majority of the data was successfully saved in the local database. However, image, audio and video files did not. 



Action is Required: allocate file paths for the media files, which can be saved in the local database. 

	Test Data Used
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	

	Expected Results
	Data that has been inputted into the various fields should be saved in a local database system, which should show in the .db3 file.
	

	Actual Results
	The test data was inputted into the application. The majority of the data was successfully saved in the local database. However, image, audio and video files did not. 
	

	Test Evidence (Screenshots)
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	Test Number
	4
	

	Process/Object
	Data being stored in a cloud-based database.
	All data that was inputted into the various fields were saved in their respective cloud-based services. 

Field Notes, Location, Time, Date, Image Captions, Video Captions and Audio Captions were all saved correctly within the cloud-based database, with the uploaded media links. 

While the media that was uploaded was saved in the cloud-storage system.

No Action is Required

	Test Data Used
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	

	Expected Results
	Data that has been inputted into the various fields should be saved in the respective cloud-based services (firebase real-time database and firebase file storage system)
	

	Actual Results
	All data that was inputted into the various fields were saved in their respective cloud-based services. 
	

	Test Evidence (Screenshots)
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	Test Number
	5
	

	Process/Object
	Sending data to an open-source CMS.
	All data that was inputted into the various fields were saved in their respective cloud-based services.

Action is Required: implement the Expression Engine CMS to the application. 

	Test Data Used
	“TestFieldNotes”, “TestLocationEntry”, “12:00”, “01/01/2023”, “SampleImage”, “TestImageCaption”, 
“SampleVideo”, “TestVideoCaption”, “SampleAudio”, “TestAudioCaption”
	

	Expected Results
	Data that has been inputted, should be saved and sent to the Content Management System.
	

	Actual Results
	All data that was inputted into the various fields were saved in their respective cloud-based services.
	

	Test Evidence (Screenshots)
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[bookmark: _Toc132898266]Usability Testing and Heuristic Testing
Usability testing allows for the application to be evaluated by its target audience, to identify and notes or usability issues that they experience when using the application. This also allows for the gathering of “qualitative and quantitative data which can be sued to determine the satisfaction of the application” (46). Jakob Nielsen’s 10 usability heuristics was used to conduct the usability testing. The reason for doing so was due to the fact that the various heuristics that Nielsen provides covers a wide variety of aspects which are linked with mobile-app and user-interface development. This also allows for a clear understanding of what is required to be changed/improved. 

	Usability Testing Heuristics	Comment by Andrew Green: 452 words in this test table.

	Jakob Nielsen’s Usability Heuristics
	Rating (0 – no usability problems -> 5 severe usability problems)
	Additional Comments

	The Visibility of System Status.
	1
	Application provides users when a function has been executed. When selecting various media in the data collection form, it provides a bar that provides users with the uploading progress. When submitting a form with data in it, a pop up shows up saying that it has been sent to the cloud database system. Would be nice to see this for the ‘store to local database’ functions as well.

	Match between system and the real-world.
	0
	The application was easy to view and understand, there was no instances that words were needing to be looked up. Buttons were visible and it was easy to understand what each function did what.

	User control and freedom
	4
	When submitting data to the cloud, there is no way of reverting this, this also can be applied to the local database as well. Would be good to see a cancel button or a pop-up confirmation button. Navigation was easy and understandable.

	Consistency and Standards
	0
	The application follows a consistent layout. Text is the same size. Colour scheme is very basic but also consistent. Text fonts are used, but not overused. Everything is clear and concise and easily understandable. 

	Error Prevention
	3
	Although it’s unlikely to encounter an error. There are no error messages present in the application to indicate that there is a problem. The application will just close if it encounters an issue.

	Recognition rather than recall
	0
	User memory load is minimal, all app functions and actions are visible via buttons within the app. Labels are easily visible, while fields such as; notes, location, date and time are highlighted to alert the user that they can enter information in them.

	Flexibility
	0
	App use is the same whether if they are novice or expert. However, due to the fact that the app is simple it caters for both inexperienced and experienced users.

	Aesthetic and Minimalist Design
	1
	The design is minimalistic and follows a consistent layout and colour scheme. Font size is consistent for headings, subheadings and normal text. Aesthetic is minimal and doesn’t contain much whitespace.

	Recognition, Diagnose and Error Recovery
	5
	If a user encounters an error, the application will not provide any information that it has ran into an error. It would be beneficial to the user if pop-ups or alerts were used or available to aware them to any issues that they may encounter. If there is an error, the application will close suddenly without any warning.

	Documentation
	5
	Although the application is simple and easy to use, there is no documentation on how to use the application.




[bookmark: _Toc125968119][bookmark: _Toc125968161]

[bookmark: _Toc132898267]Evaluation 
When looking at the data that were gathered from the testing that was conducted, various conclusions can be drawn. It is clear that the application has various aspects that need to be fixed and implemented in order for it to fulfil all of the client’s requirements. When looking at the gathered test data, the application was able to fulfil most of the client’s requirements such as storing data in a local and cloud-based database system and developing the application on the Android platform. However, during the testing phase there were multiple issues that were identified. During the system and acceptance testing, issues such as uploading media to the local database, viewing local data and uploading data to a CMS were identified. While in the usability testing stage, the application had severe usability problems such as user control and error recovery and prevention. The reason for issues in the user control test was due to the fact that there was no confirmation pop-up to make sure that the user was contempt with uploading their field notes. Additionally, there was no pop-ups indicating to the user that the data was saved to a local database. Within the error recovery and prevention tests, it was clear that pop-up error alerts were not present in the application, this meant if the user encountered an error this would result in the application closing down without telling the user why. Overall, the application was able to conduct the major functions that were required such as saving user generated data to both a cloud-based and partially a local-based database system. 

Overall, the aims and objectives within the project were met. The first project aim, investigate the viability of a bespoke cloud enabled data-collection application in the field of heritage and restoration was fully met. The reason for this was down to the various objectives which were associated with the literature review of the project. Without the research of literature for the various sections, this could prevent the best methods to be used when developing the application. The first objective was determining the client requirements and the remit of the type of data being stored. This was met in both the project proposal and dissertation. The reason for meeting this objective was due to the fact that it was important to identify the various requirements that the client has requested, as by not having requirements, this prevented the understanding of what the mobile application requires. The second, third and fourth objectives were also met in the first aim. The reason for these being met was due to the fact that an investigation was required in order to understand the various aspects that are associated with data collection and the development of a mobile application. By understanding the various development technology platforms, usability heuristics, legal and ethical requirements and existing data collection applications, this provided a larger understanding of the topic and can be used to identify what the best approach would be. The second project aim was, develop a bespoke cloud enabled data-collection application in the field of heritage and restoration. This aim focused on the design, development and testing aspect of the project. This aim was met since each of the objectives associated were completed. The first objective was to create a system interface design for the data-collection application using suitable user interface heuristics. Although the final design was not used in the development of the application, due to time restraints, the design of the application did consider the various usability heuristics that were researched in the literature review. The second objective was met since the application was able to store data both via a local and cloud-based database system. While the third objective was also met as various testing, such as unit, acceptance and usability testing was conducted to identify if there are any problems associated and whether or not the application does meet the client’s requirements.  
[bookmark: _Toc125968120][bookmark: _Toc125968162][bookmark: _Toc132898268]Conclusion and Recommendations
To conclude the project, various different phases were completed which includes. Research and investigating various key topics regarding the project and the various tools and methods that could and would be used. Investigating various development methodologies and research methodologies which would be used, during the project lifecycle, such as strategy, philosophy and methods of testing. Designing a mobile application that would be used to collect user-generated data and send it to both a local and cloud-based database system. Developing a mobile-application that was cross-platform which contained various important elements that successful met the project aims and objectives. Moreover, testing the application with various key testing methods such as unit, system and usability.

There are many recommendations which can be made to the project. The first recommendation is connecting the application to a content management system, the reason for this being a recommendation was due to time restrictions that were present in the project. The CMS that would be implemented does have relevant documentation which could be used and applied to the application. This would allow for another of the client’s requirements to be fulfilled. The second recommendation is viewing local data, this was another feature that was not implemented due to time restrictions and just like the CMS there is documentation that is provided by Microsoft and Xamarin which can be used to allow for this feature to be implemented correctly. The final recommendation is fixing the various issues that were identified in the unit, acceptance and usability testing. This is due to the fact that some of the features on the application weren’t function as expected. Such as storing media files into the local database, not being able to send data to a content management system, issues viewing previous local data and various buttons not functioning as intended. 
[bookmark: _Toc125968122][bookmark: _Toc125968164]

[bookmark: _Toc132898269]Reflection
When reflecting on the project it is important to use the Gibb’s Reflective Cycle. This is a theoretical model which is used as “as a framework for examining experiences” (47). The model covers 6 stages. “Description of the experience, Feelings and thoughts of the experience, Evaluation of the experience, Analysis of the situation, Conclusion and an Action Plan” (47).

[bookmark: _Toc132898270][bookmark: _Toc125968123][bookmark: _Toc125968165]Describe
I conduced a project dissertation which involved both a research and development aspect, that consisted of developing a mobile app that collects user-generated data for a client. This project started in late October and was expected to be due in late April. The project consisted of myself, a project supervision and my client. The project supervisor made sure that I was working at a consistent pace so that I would not fall behind on the project. While my client was the person who defined the project requirements. The main outcome of the project was to successfully develop an application which met the client’s requirements.

[bookmark: _Toc132898271]Feelings
My feelings during the project were pretty relaxed, this was due to the fact that I was able to meet my targets that were set every week by my Project Supervisor. By completing tasks on time, this prevented any unnecessary stress. When starting the project, I was feeling not so confident, this was due to the fact that I would need to develop a mobile application and complete a dissertation by the end of April. At the end of the project, I was relieved that everything was able to be completed before the deadline and that my project was working to a good standard. When looking back I do believe that I tried my best throughout the whole project and that I am confident that my work was set at a good consistent standard. 

[bookmark: _Toc132898272]Evaluation
There were many aspects of the project which went well during the development of the mobile application. The first thing that went well was that the various prototypes that were developed were all able to function correctly. This resulted in a pretty stable build of the application when each of the prototypes were implemented. Another thing that went well during the project was the fact that I was able to complete each task that was set on time. This allowed for the project to be completed in a timely manner and having leeway for tasks that required more time and focus. Although there were various aspects that went well during the project, there were also some things that did not go so well. This was mainly the issues that were associated with the various emulators and Integrated Development Environment that was used. Due to the fact that Visual Studio was automatically updated, this prevented the use of the application due to the fact that XCode required a specific build version of VS to work. This resulted in the uninstalling and reinstalling of various programs to fix the issue. This issue persisted more than once during the project lifecycle. Fortunately, it was fixed before testing took place and is functioning correctly yet again.

[bookmark: _Toc132898273]Analysis
The reason for the prototypes working well during the development phase was due to the fact that having previous experience developing software applications in C# and using various documentation and academic literature that was readily-available online provided a good basis of where to start and how to develop specific aspects of the program. Since the various protypes were functioning as intended this also provided a good basis for the final application project. By having all prototypes functioning correctly beforehand this prevented any significant issues/errors from occurring which allowed for an increased amount of time in the development phase. By having all of the various tasks set by the project supervisor completed on time, this maximised the amount of development time that was provided. 

Although the issues that I ran into were easily solved, this did hamper time when it came to testing. The reason for the emulators not functioning as intended was to do with incompatible versions of both xCode and Visual Studio. This resulted in uninstalling both of these applications and reinstalling Visual Studio and a specific version of xCode that was only available on the Apple developer website. Although the issue itself was easy to fix, figuring out what the reason was, was more complex. In order for myself to identify the problem, it resulted in looking at the various warnings and error codes that were outputted into the application debug console. After searching through the Visual Studio error code list, it was clear that the various versions of these integrated development environments were the problem. 

[bookmark: _Toc132898274]Conclusion
From the issues that I learnt from this showed that I was able to conduct good problem solving and critical thinking skills. The reason for this is due to the fact that if I didn’t look for the problem that I was experiencing, that could’ve affected the outcome of the project, as I wouldn’t have been able to conduct any testing on my project. Which would’ve resulted in not meeting any of the client’s requirements or meeting my second aim. By using critical thinking this allowed for me to find relevant sources online that could aid me in fixing the problem that I was experiencing. 

[bookmark: _Toc132898275]Action Plan
If I had to conduct this project again, the one thing that I would do differently would be to identify more credible literature. Although the project does consist of various academic sources and literature, the use of non-academic sources was much greater. By using non-academic sources, it provides an uncertainty of whether or not the data and topics I am talking about are non-biased and factually correctly. 
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Project and Demonstration File: https://groupnptc-my.sharepoint.com/:f:/g/personal/264503_nptcgroup_ac_uk/EmxJmtb0bRVFvjC8_jQZWO8B5WXUACzuVitEsMsYB_QTIw?e=d3azzz 
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1 ising System;
2 using System.IO;
3 using Xamarin.Forms;
u using Xamarin.Forms.Xaml;
5
6 namespace sqlnetpcltask
7 {
8 public partial class App : Application
9 {
10
11 private static Database database;
12
13 public static Database Database
14 i
15 get
16 i
17 if(database == null)
18 {
19 database = new
pL] Database(Path.Combine(Environment.GetFolderPath(Environment.SpecialFolder.LocalApplicationData), "people.db3"));
21 }
22
23 return database;
24 }
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28 public App Q)
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30 InitializeComponent();
31
32 MainPage = new NavigationPage (new MainPage());
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35 protected override void OnStart ()
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<?xml version="1.0" encoding="utf-8" ?>

<ContentPage xmln:

http://xamarin.com/schemas/2014/forms"
xmln http://schemas.microsoft.com/winfx/2009/xaml"
x:Class="sqlnetpcltask.MainPage">

<ScrollView>
<StackLayout>

<Frame BackgroundColor=[0 "#403c33" Padding="60,60,60,60">
<Label Text="[Company Name] Field Note Application"
HorizontalTextAlignment="Center" TextColor=M "White"
FontSize="30" FontFamily="American Typewriter" FontAttributes="None"/>
</Frame>

<Label x:Name=!
<Editor x:Name=

"EnterFieldNotes" Text="Field Note Entry:" FontFamily="American Typewriter"/>
"fieldNotesData" FontSize="12.5" Placeholder="Enter Field Notes Here" AutoSize="TextChanges" BackgroundColor:

"#555555" />

<Label x:Name="EnterLocation" Text="Location Entry:" FontFamil
<Entry x:Name="locationData" BackgroundColor=m "#555555" FontSiz

'American Typewriter"/>
="12.5" Placeholder="Enter Location Here" />

"EnterTime" Text="Time Entr
nputTime" BackgroundColor:

<Label x:Nami
<Entry x:Name:

" FontFamily="American Typewriter"/>
"#555555" FontSize="12.5" Placeholder="Enter Time Here" />

<Label x:Nami
<Entry x:

nterDate" Text="Date Entr
inputDate" BackgroundColor:

FontFamily="American Typewriter" />
"#555555" FontSize="12.5" Placeholder="Enter Date Here" />

<Label x:Name="MediaUpload" Text="Media Entry:" FontFamily="American Typewriter"/>

<Button Text="Upload Image" Clicked="Button_Clicked" BackgroundColor=HE "#555555" TextColor=M "White" FontFamily="American Typewriter"/>
<Editor x:Name="imageCaptions" FontSize="12.5" Placeholder="Enter Captions Here" AutoSize="TextChanges" BackgroundColor=@ "#555555" />
<ProgressBar x:Name="progressBar"/>

<Label FontSize="1@" x:Name="downloadLink" FontFamily="Helvetica" TextColor=O "Black"/>

<Button Text="Upload Video" Clicked="Button_Clicked_1" BackgroundColor=@ "#555555" TextColor-M "White" FontFamily="American Typewriter"/>
<Editor x:Name="videoCaptions" FontSize="12.5" Placeholder="Enter Captions Here" AutoSize="TextChanges" BackgroundColor=@ "#555555" />
<ProgressBar x:Name="progressBarVideo"/>

<Label FontSize="1@" x:Name="downloadLinkVideo" FontFamily="Helvetica" TextColor=0 "Black"/>

<Button Text="Upload Audio" Clicked="Button_Clicked_2" BackgroundColor=@ "#555555" TextColor-M "White" FontFamily="American Typewriter"/>
<Editor x:Name="audioCaptions" FontSize="12.5" Placeholder="Enter Captions Here" AutoSize="TextChanges" BackgroundColor=@ "#555555" />
<ProgressBar x:Name="progressBarAudio"/>

<Label FontSize="1@" x:Name="downloadLinkAudio" FontFamily="Helvetica" TextColor=0 "Black"/>

<Button Text="Save Inputted Notes to Cloud" Clicked="Button_Clicked_3" BackgroundColor=@ "#555555" TextColor=M "White" FontFamily="American Typewriter"/>
<ProgressBar x:Name="progressBardesign"/>

<Button Text="Return to Menu" Clicked="Button_Clicked_5" BackgroundColor=H "#555555" TextColor:

"White" FontFamily="American Typewriter"></Button>

<Button Text="Add to Database" Clicked="OnButtonClicked"></Button>
<CollectionView x:Name="collectionView">
<CollectionView.ItemTemplate>
<DataTemplate>
<StackLayout>
<Label Text="{Binding Name}" FontSize="Medium"/>
</StackLayout>
</DataTemplate>
</CollectionView.ItemTemplate>
</CollectionView>

</StackLayout>
</ScrollView>
</ContentPage>
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<?xml version="1.0" encoding="UTF-8" ?>

<ContentPage
xmlns=!
xmlns:x=!
x:Clas

<StackLayout>

"http://xamarin.com/schemas/2014/forms"
ttp://schemas.microsoft.com/winfx/2009/xaml"
qlnetpcltask.MenuPage">

<Frame BackgroundColor=0 "#403c33" Padding="60,60,60,60">
<Label Text="[Company Name] Field Note Application Menu"

HorizontalTextAlignment="Center" TextColor=|

"White"

FontSize="30" FontFamily="American Typewriter" FontAttributes="None"/>

</Frame>

Source ¢

<Label Text="Main Functions" HorizontalTextAlignment="Center" FontFamily="American Typewriter" FontAttributes="Bold" Padding="10,10,160,10"></Label>

<Button Text:
<Button Text=!

<Label Text="Additional Functions" HorizontalTextAlignment="Center" FontFamily="American

<Button Text:

<Button Text:

<Button Text=!
</StackLayout>

</ContentPage>

"Submit a New Report" Clicked="Button_Clicked" BackgroundColor=m "#555555" TextColor=Ml "White" FontFamily="American Typewriter"></Button>
"View Locally Stored Data" Clicked="Button_Clicked_1" BackgroundColor=@ "#555555" TextColor-Ml "White" FontFamily="American Typewriter"></Button>

"Test for a Network Connection" Clicked="Button_Clicked_2" BackgroundColor=|
"Go to Cloud Based File System" Clicked="Button_Clicked_3" BackgroundColor=|
"Go to Cloud Based Database System" Clicked="Button_Clicked_4" BackgroundColor=m "#555555" TextColor:

Typewriter" FontAttributes="Bold" Padding="10,10,10,10"></Label>
#555555" TextColor=M "White" FontFamily=
#555555" TextColor=M "White" FontFamil,

American Typewriter"/>
American Typewriter"/>
"White" FontFamily="American Typewriter"/>
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No selection
1 ising System;
2 using System.Collections.Generic;
3 using Xamarin.Forms;
u using Plugin.Connectivity;
5
6 namespace sqlnetpcltask
7 {
8 public partial class MenuPage : ContentPage
9 {
10 public MenuPage ()
1 {
12 InitializeComponent ();
13 }
14
15 void Button_Clicked(System.Object sender, System.EventArgs e)
16 {
17 Navigation.PushAsync(new MainPage());
18 }
19
pL] void Button_Clicked_1(System.Object sender, System.EventArgs e)
21 {
22
23 }
24
25 void Button_Clicked_2(System.Object sender, System.EventArgs e)
26 {
27 try
28 {
29 var isConnected = CrossConnectivity.Current.IsConnected;
30
31 //1s there a network connection? If true display "Connection Valid message".
32 if (isConnected == true)
33 {
34 DisplayAlert("Message", "Network Connection Valid", "Ok");
35 }
36 //1s there a network connection? If false display "Not connected to a network message".
37 else
38 {
39 DisplayAlert("Message", "Not Connected to a Network - Please connect to a network", "Ok");
40 }
41 }
u2 catch (System.Exception ex)
43 {
uy DisplayAlert("Message", ex.Message, "Ok");
45 }
46 }
u7
ug void Button_Clicked_3(System.Object sender, System.EventArgs e)
49 {
50 }
51
52 void Button_Clicked_4(System.Object sender, System.EventArgs e)
53 {
54 }
55 }
56 }
57
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i using System;

2 using System.Collections.Generic;

3 using System.ComponentModel;

u using System.Linq;

5 using SQLite; //Required with the nuget package (sqllite-net-pcl) for the local database to work
6 using System.Text;

7 using System.Threading.Tasks;

8 using Firebase.Storage; //Required with the nuget package (FirebaseStorage.Net) for the cloudbased storage system to work
9 using Xamarin.Forms;

10 using System.IO;

11 using System.Threading;

12 using Firebase.Database; //Required with the nuget package (FirebaseDatabase.Net) for the cloudbased database system to work
13 using Firebase.Database.Query; //Required with the nuget package (FirebaseDatabase.Net) for the cloudbased database system to work
14 using System.Diagnostics;

15

16

17 namespace sqlnetpcltask

18 {

19 public partial class MainPage : ContentPage

20 {

21 FirebaseClient firebaseClient = new FirebaseClient("https://sampledatatestrevamp-default-rtdb.europe-westl.firebasedatabase.app/");
22

23 public MainPage()

24 {

25 InitializeComponent();

26 }

27

28 // Saves the data below in a local-based database system named "Person.db3"
pL] async void OnButtonClicked(Object sender, EventArgs e)

30 {

31 if (!string.IsNullOrWhiteSpace(fieldNotesData.Text))

32 {

33 await App.Database.SavePersonAsync(new Person

34 {

35 FieldNotes = fieldNotesData.Text,

36 LocationDataNotes = locationData.Text,

37 timePicker = inputTime.Text,

38 datePicker = inputDate.Text,

39 imageCaption = imageCaptions.Text,

ue videoCaption = videoCaptions.Text,

41 audioCaption = audioCaptions.Text

2 b

u3 }

(TS |

u5 fieldNotesData.Text = string.Empty;

u6 locationData.Text = string.Empty;

u7 inputTime.Text = string.Empty;

u8 inputDate.Text = string.Empty;

u9 imageCaptions.Text = string.Empty;

50 videoCaptions.Text = string.Empty;

51 audioCaptions.Text = string.Empty;

52 }

53

54 async void Button_Clicked(System.Object sender, System.EventArgs e)
55 //making a variable for photo and using media picker to pick a photo from the vm phone's gallery.
56 {

57 //Gallery

58 var photo = await Xamarin.Essentials.MediaPicker.PickPhotoAsync();
59 if (photo == null)

60 return;

61

62 //Establishes connection to the firebase cloud storage system

63 var task = new FirebaseStorage("sampledatatestrevamp.appspot.com",
64 new FirebaseStorageOptions

(33 {

66 ThrowOnCancel = true

67 b

68 //Details of where it will be stored, how it is named.

69 -Child("Test")

70 .Child("ImageTestSample")

71 .Child(photo.FileName)

72 .PutAsync(await photo.OpenReadAsync());

73

74 task.Progress.ProgressChanged += (s, args) =>

75 {

76 progressBar.Progress = args.Percentage;

77 1

Vi3
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108

109 //Provides the uploaded media with a link

110 var downloadlinkVideo = await task;

il downloadLinkVideo.Text = downloadlinkVideo;

112 }

113

114 async void Button_Clicked_2(System.Object sender, System.EventArgs e)
115 //Uploads audio from the users library and uploads them to firebase.
116 i

117 //Gallery

118 var audio = await Xamarin.Essentials.FilePicker.PickAsync();

119 if (audio == null)

120 return;

1208

i2p) //Establishes connection to the firebase cloud storage system
123 var task = new FirebaseStorage("sampledatatestrevamp.appspot.com",
124 new FirebaseStorageOptions

125 {

126 ThrowOnCancel = true

127 b

128 //Details of where it will be stored, how it is named.

129 -Child("Test")

130 .Child("AudioTestSample")

131 .Child(audio.FileName)

132 .PutAsync(await audio.OpenReadAsync());

133

134 //Progress Bar - Confirms that the file has been sent to firebase storage server.
135 task.Progress.ProgressChanged += (s, args) =>

136 i

137 progressBarAudio.Progress = args.Percentage;

138 Y

139

140 //Provides the uploaded media with a link

141 var downloadlinkAudio = await task;

142 downloadLinkAudio.Text = downloadlinkAudio;

143 }

144

145 void Button_Clicked_3(Object sender, EventArgs e)

146 //Uploads the field notes (notes, location, time, date, and media upload links) from the app and then gets sent to firebase realtime dbms.
147

148 i

149 //Takes the data from the MyDatabaseRecord class where get; set; is used to gather data
150 //https://console.firebase.google.com/project/samplestoragetask/database/samplestoragetask-default-rtdb/data/~2F
151 firebaseClient.Child("FieldNotes").PostAsync(new Person

152 i

153 //Field Notes

154 FieldNotes = fieldNotesData.Text,

155 //Location

156 LocationDataNotes = locationData.Text,

157 //Time and Date

158 timePicker = inputTime.Text,

159 datePicker = inputDate.Text,

160 //Images

161 imageUploadlink = downloadLink.Text,

162 imageCaption = imageCaptions.Text,

163 //Video

164 videoUploadlink = downloadLinkVideo.Text,

165 videoCaption = videoCaptions.Text,

166 //Audio

167 audioUploadlink = downloadLinkAudio.Text,

168 audioCaption = audioCaptions.Text

169 i

170

i, //Tells the user that the files have been uploaded to the firebase datbase and file storage server.
1572] DisplayAlert("Field Notes Saved", "Files and notes have been uploaded to their respected cloud-based systems.", "Continue");
173 }

174

175 void Button_Clicked_5(System.Object sender, System.EventArgs e)

176 i

177 Navigation.PushAsync(new MenuPage());

178 }

179 }

180 }

181

182
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using System.Collections.Generic;
using System.Threading.Tasks;
using SQLite;

namespace sqlnetpcltask

{

public class Database

{

private readonly SQLiteAsyncConnection _database;

public Database(string dbpath)

{
_database = new SQLiteAsyncConnection(dbpath);
_database.CreateTableAsync<Person>();
}
public Task<List<Person>> GetPeopleAsync()
{
return _database.Table<Person>().ToListAsync();
}
public Task<int> SavePersonAsync (Person person)
{
return _database.InsertAsync(person);
}

App.xaml.cs
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Database.cs MainPage.xaml.cs

hising SQLite;

namespace sqlnetpcltask

{

public class Person

{

[PrimaryKey, AutoIncrement]

public int ID
public string
public string
public string
public string
public string
public string
public string
public string
public string
public string
public string

{ get; set; }

Name { get; set; }
FieldNotes { get; set; }
LocationDataNotes { get; set; }
timePicker { get; set; }
datePicker { get; set; }
imageUploadlink { get; set; }
imageCaption { get; set; }
videoUploadlink { get; set; }
videoCaption { get; set; }
audioUploadlink { get; set; }
audioCaption { get; set; }

MainPage.xaml|

App.xaml.cs
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