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The document aims to introduce a reader into the topics of proposed research about augmented reality, which the methodology would be based on creating a card game in Unity. The studies would involve the problem of accessing the new technology and considerations about the level of difficulty in programming and design of augmented reality-based software applications. Moreover, the research would investigate the influence of new technological inventions on the games industry.
[bookmark: _Toc39145838]Keywords
Augmented reality; Games Development; Mobile Gaming; Card Games;
[bookmark: _Toc39145839]Introduction
The development of augmented reality (AR) is expanding rapidly over time while the civilisation is going through another industrial revolution [1]. Moreover, changes in technology have a significant impact on human perception of the world, and followingly, every little innovation is a factor in pushing the civilisation further, in establishing a new point of view.
Some of the educational institutions have implemented augmented reality in classrooms believing that this is the direction, which the education will follow [2] [3]. The idea is strongly argued due to the appearance of the generation entirely born in the twenty-first century, which is called Generation Alpha or iGeneration. The skills of this generation in using technology such as smartphones or computers are considered as naturally acquired. Also, Generation Alpha students will be the first who are going to benefit from the advantages of the current innovations in technology [3] [4].
Besides, augmented reality has also been applied in other fields of science. For instance, AR aids archaeologists in conducting excavations by augmenting archaeological features onto the modern landscape [5]. Likewise, architects can visualise their building projects [6]. In industrial manufacturing, operators have access to virtual manuals of machines [7], and medical staff can get real-time information about treatments, surgery or diagnosis of patients [8] [9]. 
This phenomenon also concerns the games industry, which has been changed dynamically in the last ten years [10]. The various attempts with experimental game hardware like XBOX Kinect, gamepads or different models of games consoles have not always been successful [11]. However, the new direction and trend are stated by augmented reality, due to predictions that this technology is the future of games [12] [13] [14].
Moreover, the games industry is positively interested in a new approach, which might affect gameplay and make this experience more engaging. The new trends in games, like growth in mobile games, support the idea of enhancement of AR [12] [13]. Furthermore, smartphones are well-fit for the establishment of this innovation [15].
Despite many achievements, knowledge about AR projects is rather uncommon among people. This is caused by a lack of qualified workers and a low number of advanced programs in this field [16] [17].  Nevertheless, the idea is one of the fundaments of industry 4.0, the revolution, which is happening right now [1]. Besides, the implementation and design of AR experiences are still not user-friendly for non-experts [18]. It is believed that the full potential of this technology will only be achieved when end-users adopt it widely and begin creating their own AR programs [19].
Therefore, learning augmented reality by developing games might be the best method to obtain relevant skills to contribute to the expansion of this technology. Ones of the most preferred frameworks for developing augmented reality applications are the most popular games engines – Unity and Unreal Engine [20]. Also, many tutorials about creating AR games are available from internet sources [21]. These tools seem to be enough to start studying augmented reality on your own.
Thus, an augmented reality card game seems to be an appropriate sample of getting knowledge in the field of AR. For example, the elements of the game, such as shuffling a deck or dealing cards, would be suitable for applying motion tracking tools.  Moreover, experimenting with card game model has additional practical usage. Namely, this may help to discover an innovative approach or confirm the usefulness of patterns and techniques uses in games production.
However, developing a game in augmented reality is still challengeable as the process is more complicated than the production of traditional computer games. Using AR requires to obtain additional skills and knowledge about technologies for detecting the position and orientation of the player and its surroundings [19] . Accordingly, in comparison to other productions, the advanced developed AR games are released small-scaled.  Usually, if a developer decides to release augmented reality game, it is rather a demo version showing experimentation with potential capabilities of using the new approach [22] [10].
However, the statistics predict that growth in demand for augmented reality applications will be enormous in the coming years. Consequently, the demanded number of qualified programmers is going to increase, as well [19] [14]. Nevertheless, the question is, will coding AR games have a significant impact on training future AR developers.
[bookmark: _Toc39145840]Augmented Reality Brief
Augmented reality is an innovative technology extending the real, physical world with computer-generated elements. The picture of this combination is displayed to a user via software incorporated to devices such as smartphones. Moreover, the interaction between a user and generated visual output can be performed by taking input, which response to the virtual content.
The very first experience of functional augmented reality system was made in 1992, starting with the project of Armstrong Laboratory, for U.S Air Forces. Nevertheless, commercial usage of AR has been commenced in the games and entertainment industry. Subsequently, the technology found massive approval in other fields. In the modern world, augmented reality spans industries such as education, communication, or medicine [23].
The examples of the current success of AR, and an evidence that this is the technology of the future, are Google Lens, Pokemon GO, or IKEA Place. Notwithstanding, augmented reality is still developed, and there are more documented thoughts about using it than its already created implementations [16].
[bookmark: _Toc39145841]Card Games Brief
Card games are one of the oldest kinds of entertainment known by modern humanity. Through the years a variety of games have been developed just basing on a deck of card. In twenty century, the concept of card games was revolutionised by adding more complex mechanics and fictionalisation of the gameplay [23]. The new direction was determined in 1993 when a unique game Magic: The Gathering introduced the term “collectable card game” (CCG). Namely, the idea was about adding the mechanic of deck building, causing the engagement of a player even outside of the gameplay. This has been achieved by giving a narrative story to cards, extending possible combinations of cards and their mechanics as well as a new way of interaction with other players [24].
The new renaissance for card games began in 2014 when a digital collectable card game - Hearthstone - was released by Blizzard Entertainment. Additionally, the premiere of the new game was boosted because of World of Warcraft – the other production of the company and one of the most popular multiplayer game in history. The key to the success of Hearthstone was changing the gameplay to more accessible for a broader audience. In comparison to other collectable card games, the time of a game was shortened, and mechanics were simplified. Furthermore, having a collection of cards in one virtual place, without the risk of damaging them, and easy access to other players to play against, seemed encouraging [25] [26].
The first version of Hearthstone was compatible only on PCs. However, due to the expansion of mobile phone technology, the game has been released on smartphones. This event was a milestone not only for popularisation of collectable card games but also for the mobile games industry [25] [26]. Finally, Hearthstone has grown to the role of a new precursor in the genre and became the inspiration for others, e.g. Magic: The Gathering Arena or Gwent: The Witcher Card Game.
Nowadays, card games are still popular kind of entertainment in both digital and manual version. The new opportunities have come due to the recent innovations in the world of technology. Namely, the prototypes of the card games with using augmented reality have been already presented, and that might be the beginning of another revolution in the history of card games.
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A research study designed to assess the impact of learning augmented reality through developing a game, on the evolvement of AR in the future. The proposed research would try to answer the following question:
Research question: What are the difficulties and restrictions in incorporating augmented reality technology in games production?
Research objective: To identify barriers and concerns related to the application of augmented reality into games development. To design and develop a simple card game based on augmented reality.
Research question: Why can developing computer games be a tool for the popularisation of learning of augmented reality technology?
Research objective: To analyse broadly, the influence of games in improving and evolving augmented reality technology.
Research question: How can technological changes affect the direction of the development of games?
Research objective: To investigate rigorously how technological changes have affected the games industry in the past and to evaluate how augmented technology may affect entertainment in the future.
In conclusion, the purpose of the research is to establish how creating computer games with augmented reality would contribute to the global success of this technology. The data will be gathered through design a simple AR card game and investigation of similar projects as well as studying awareness of augmented reality in modern society. Accordingly, the final work would be presented in the form of the research report and a working prototype of the augmented reality application.

[bookmark: _Toc39145843]Research & Development Methods
The project assumes that knowledge is based on observation and experience. Therefore, the methods to find out the outcome of chosen objectives are referenced to experimenting, with the application of the innovative approaches in studying, and examining collected data.
Furthermore, the research proposal will try to explain the topic of the study in the form of expressed words, graphs and numbers, which could enable to establish generalisable facts about the object of study.
The source of data for the studies would be various. Accordingly, developing an AR software prototype would provide raw information and first-hand evidence. Also, this could give direct access to the subject of the research.
On the other hand, analysing other augmented reality projects can help determine what the actual progression level in AR technology is and what could be potential ways of its development in the future.
Because the idea of card games exists globally without cultural, language and technological limitations, a card game model has been chosen as a computer application to develop. This aims to make a point of reference for the conducted research. Also, the designed prototype would be more user-friendly for people who have never experienced augmented reality.
Moreover, Class Responsibility Collaboration Card (CRC card) approach will be used to help design and analyse the software development life cycle of the proposed prototype game. Individual CRC cards would be used to represent objects. For example, it can be a card object or a game manager object in the game. This method helps to map the responsibilities and relations among classes in object-oriented software. In addition, particular parts of code will also be written in pseudocode to demonstrate a better understanding of the logic behind the system.
The reliability of the proposed application will be validated via a constructed test schedule. Furthermore, due to using the refactoring technique, the final code would be reconsidered in order to improve internal properties such as readability and performance of the program.


In case of gathering information about how computer games can popularise augmented reality, it will be worth to study particular cases of incorporating this technology in games by others.  Besides, extra useful data can be collected from tests with potential users. Namely, the final project prototype can be tested by a group of people in the context of the research, and the results would be analysed in comparison with similar studies. The evaluation could determine the level of awareness of AR technology in society and the overall opinion of people about it.
Besides, the primary technique to carry out the test would be the repertory grid, which is designed to capture the structure of personal meaning. This instrument will give the meaning of the experience of the user in the interaction with the presented augmented reality game. Accordingly, the repertory grid will provide data, about what is the level of awareness of augmented reality among people, and overall opinions about applying this technology in games. Furthermore, the tested groups would be made of people who often play games, and people who never played computer games but often played traditional card games. This would establish the potential of implementing augmented reality in games and indicate its reasons.
Finally, the answer to the last research question (How technological changes can affect the direction of the development of games?) would consist of the outcomes of overall work on the project. Also, any additional data would be gathered by studying appropriate literature. The various findings in existed hypothesis and predictions about augmented reality would be confronted and assessed.
[bookmark: _Toc39145844]Risk
It was documented that reckless using of augmented application may cause serious consequences. The example of real incidents with Pokemon Go shows that users claimed the game might cause personal injuries, vehicular crashes and associated damages [27].
What is more, the concept of augmented reality is dependent on the recording device, which records and analyse the environment in real-time. Because of this, there exist potential legal concerns over the privacy of others. Namely, the threaten is the technology collects a lot of data while working, and this data may be the object of interest for hackers [27] [28].
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Constructing a game requires skills in games design. Therefore, simple mechanics must be planned and implemented to simulate a card game. The mechanics could be modelled after traditional popular card games, e.g. Whist, Stop the Bus or Gleek, or more demanding modern versions, e.g. Hearthstone or Gwent: The Witcher Card Game. Thus, it is needed to find or design desired assets for the game project. Unity Asset Store, Kenny, OpenGameArt are one of the examples of websites with a bunch of free assets to download.
What is more, choosing appropriate programming language and framework is essential. Accordingly, the Unity game engine is proposed as the main environment to create the final prototype. Moreover, the software is cross-platform so that it can be run on different systems. The former language used by Unity is C#. However, it is also possible to write a code in JavaScript. An integrated development environment (IDE), which would be used to work on the project is Visual Studio 2017, as it is highly compatible with Unity.
Additionally, the implementation of augmented reality is allowed by Unity due to a specialised software development kit called ARCore, which is a platform from Google for building AR experiences. Using various APIs, ARCore enables the integration of mobile devices and the real environment. However, the main capabilities of the platform are:
· Motion tracking – enables to track and recognise the position of the phone relative to the world.
· Environmental understanding – allows detecting the size and location of all type of surface.
· Light estimation – provides the estimation of current lighting conditions in the environment.
Consequently, the motion tracking technology, incorporated to the project due to ARCore software development kit, will give access to the camera of mobile phone to track and identify detected features. Additionally, ARCore is designed to cooperate with most of the Android devices (Android 7.0 and later), so the created application will be easily tested on many models of smartphones.


Nevertheless, finding a proper and reliable source of knowledge is the significant fundament of good study. With this intention, the research must access resources regarding the augmented reality, Unity and C# programming. Fortunately, Unity provides Unity User Manual, which is the documentation for that environment. Likewise, C# and .NET documentation are available from the official Microsoft website as well as a documentation of ARCore API is accessible from Google Reference.
Correspondingly, identifying relevant academical papers, books, or other sources of information is going to take a large part of the research time. Hence, additional recommended references could be found in libraries, the Internet, available journals and papers.
[bookmark: _Toc39145846]Gantt Chart 
[image: ]The constructed Gantt chart demonstrates the evidence of project management and planning. Thereby, the tasks have been defined and disposed over the period predicted to accomplish the final major project. 
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To sum up, augmented reality has great potential to change the world. The technology would be used in almost every aspect of everyday life – medicine, education, army, engineering etc [9]. Nevertheless, the development of the idea is still emerging, and many aspects are depending on the number of experts in this field [13] [14]  [19].
Computer games development can be a great tool to learn and practise augmented reality technology. Furthermore, games development is an excellent way to begin learning to program, because abstract concepts like object-oriented programming or events can be visualised in virtual reality. Namely, the class describes an object, which is displayed in the scene and this object has characteristics and functionality implemented by the class. This method is simply less abstract for new programmers.
Moreover, popular games engines provide free access to work with AR and games development [20]. Besides, the Internet is a source of many games programming tutorials, including the application of augmented reality.
Consequently, the availability of free resources and easy access to technology creates a perfect environment to build new skills. This approach can be a key to evolving of AR and its popularisation.
Accordingly, to the global technological changes, games may gain an advanced look. Also, gameplay and mechanics, incorporated to games will change revolutionary. Therefore, it is worthy of analysing how previous trends in science has impacted digital entertainment. This can give a picture of potential directions in games development in the coming years.
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In this part of the report, some of the completed sections of the application for ethical approval are presented. The structure of the form is based on the official application for ethical approval accessed from the University of Wales Trinity Saint David website.
[bookmark: _Toc39145851]Details of Research Activity
	Indicative title:
	“Learning augmented reality technology through developing a card game.”

	Proposed start date:
	June 2020
	Proposed end date:
	May 2021

	Introduction to the Research
Augmented reality (AR) is the new technology, which has found application in many fields. For example, it is used in education, science and games. The idea is that technical devices would allow extending reality with virtual elements. Nevertheless, the full potential of AR is still not achieved due to the lack of experts, while the predictions show that the augmented reality application dominates the future. The research would analyse how developing AR games can contribute to breaking programmers in augmented reality. 

	Purpose of Research Activity
The purpose of research activity is to establish how developing augmented reality games can impact on the evolution of this technology and the look of future games. Additionally, the project is going to investigate how previous technological inventions have affected the game industry.

	Research Question
What are the difficulties and restrictions in incorporating augmented reality technology in games production?
Why can developing computer games be a tool for the popularisation of learning augmented reality technology?
How can technological changes affect the direction of the development of games?

	Objectives of Research Activity
To identify barriers and concerns related to the application of augmented reality into games development. 
To design and develop a simple card game based on augmented reality.
To analyse broadly, the influence of games in improving and evolving augmented reality technology.
To investigate rigorously how technological changes have affected games industry in the past and to evaluate how augmented technology may affect entertainment in the future.

	Proposed methods
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed.

	
The vast part of the project is developing an augmented reality card game. However, it is not going to be the only source of gathering data. The research predicts user testing and study of user opinion about augmented reality and games. Furthermore, the repertory grid is going to be used as an interviewing technique for identifying the ways that a user construes the experience with the prototype. The form will not take private and confidential data from potential testing users.
In addition, the final conclusion will be originated in research, investigation and analyses of collected resources basing on similar works. Namely, studying augmented reality through the experience of existed projects and going over accessible statistics may help to elaborate on the final report.

	Location of research activity
Identify all locations where research activity will take place.

	
The research activity will take place in the majority of time in a private house, where access to essential equipment has been provided. Also, university buildings are included as places of this activity – the library, and games laboratory.
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	Will the research activity include:
	
YES
	
NO

	Use of a questionnaire or similar research instrument?
	☒
	☐

	Use of interviews?
	☒
	☐

	Use of diaries?
	☐
	☒

	Participant observation with their knowledge?
	☒
	☐

	Participant observation without their knowledge?
	☐
	☒

	Use of video or audio recording?
	☐
	☒

	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	Investigation of participants involved in illegal activities?
	☐
	☒

	Use of procedures that involve deception?
	☐
	☒

	Administration of any substance, agent or placebo?
	☐
	☒

	Working with live vertebrate animals?
	☐
	☒





	Who are the intended participants:
	
YES
	
NO

	Students or staff at the University?
	☒
	☐

	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	Vulnerable adults?
	☐
	☒

	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	Prisoners?
	☐
	☒

	Young offenders?
	☐
	☒

	People engaged in illegal activities?
	☐
	☒


[bookmark: _Toc39145853]Intended Participants
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	How many participants are expected?

	
Considering the reliability of the study, a group of thirty participants would sufficient for the project purpose.


	Who will the participants be?

	
A participant must be considered as a member of one of the considered groups – gamers or traditional card games enthusiasts.


	How will you identify the participants?
	
Recruiting participants will be achieved by the project presentation to university students as well as friends and family of the researcher.




	Information for participants:
	
YES
	NO
	
N/A

	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	Will you obtain written consent for participation?
	☒
	☐
	☐

	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	Information for participants:
	
YES
	NO
	
N/A

	Will participants be paid?
	☐
	☒
	☐

	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	If YES to any question, please provide full details 

	
The test will require using a provided mobile device, which is needed to run the developed application. Using non-own device by a participant would avoid the risk of unnecessary damage to personal devices.



[bookmark: _Toc39145854]Data Protection and Storage
	[bookmark: _Hlk38988271]Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person.
	☐
	☒

	If YES, provide a description of the data and explain why this data needs to be collected:

	

	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐

	
☒

	If YES, provide a description of the special category data and explain why this data needs to be collected:
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