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Abstract – Augmented Reality (AR) is the gap between virtual reality, and its application in real life. Innovation in this technology, and others, through extensive use, has pushed AR into many different fields, capable of being augmented into any given application e.g. education, gaming, healthcare, military, and shopping. Through use of AR in education, it was found to improve learning and teaching experiences, boost collaboration, resulting in higher levels of engagement, among other benefits. The paper aims to review current literature in this growing trend, and how mobile development in AR is beneficial to those in academia.
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I. INTRODUCTION

B
ack in 1968, Ivan Sutherland became the first to develop an AR head-mounted display to output the graphic rendition of a simple wireframe drawing. In the last decade Mobile Augmented Reality (MAR) has attracted a lot of attention from academia and the industry [1].
AR can be described as a type of Mixed Reality (MR) that overlays digital objects on the real world [2], [3], using a smartphone screen or projector for example. This form of reality enables the user to interact with the digital information in real-time. Figure 1 presents an overview to the different types of MR ranging from reality to virtual reality (virtuality).
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Figure 1 Order of reality concepts [4]
In recent years, development of mobile technology has advanced to allow consumers the ability to better experience AR. This is one of the major reasons why AR technology is more widely used today - because it no longer needs expensive hardware such as Sutherland’s head-mounted display, with it. It is now being widely available to consumers, as opposed to it only residing in  industry and places of research [5].
Mobile AR can be grouped into two different groups, with regards to how they present virtual content in reality. 
The first group superimposes the images onto the devices camera screen, using either marker-based AR or markerless. Marker-based AR (or image recognition), uses the mobile’s camera and a marker such as a QR code to overlay the design when the camera recognises it. This type of AR is simpler than markerless because the marker is already provided, making the user aware of what the device will search for. Markerless uses location-based services, along with the device’s digital compass, accelerometer, or other sensors to provide the user with location based information. Mobile apps used in this group can overlay local businesses on-screen, to previewing furniture in a room before buying. This type of AR is much more difficult to implement, because the algorithm needs to identify patterns and colours of the tracked object, which can be an item of anything, for example, a picture, street sign, or a vehicle. 	Comment by Kemi Ademoye: 
Use apostrophe (') to indicate possession.

Reference(s):http://www.thepunctuationguide.com/index.html, http://www.eng-lang.co.uk/apostrophe_rules.htm, http://www.apostrophe.org.uk/page2.html	Comment by Kemi Ademoye: Sentence needs to rephrased slightly to make it clearer.
The second group is related social media, where Social Networking Services (SNS), are linked with location-based services from the platform to offer relevant context. Snapchat and Facebook use this kind of AR in an identical fashion, by allowing users to capture photo/videos using interactive filters and camera effects.
Large corporations such as Google, Apple, Facebook and Microsoft are pushing innovation in AR, with Apple rumoured to be in development of a new 3D sensor [6] for their 2019 flagships,  aimed at improving AR on the device, and other services.
In June, Apple showcased its AR developer framework, ARKit [7], with Google releasing its developer preview, ARCore [8] two months later, in the effort to compete with Apple and AR social media apps. With mobile phones being widely used globally, and tech giants offering frameworks for developers to implement AR, it will offer new methods and exciting opportunities in designing next generation environments in existing and emerging industries.

Purpose of the Review

It is important that we investigate what was previously conducted in a field, because it enables us to see its current state, and offers researchers guidance into subjects of interest. The selected topic was to analyse existing literature surrounding MAR. From researching several emerging topics, MAR in academia was found to be a trending area of interest in this topic, warranting further investigation.
II. EVALUATION

Nincarean et al. [9] found that when technologies rapidly evolve, it often changes the face of education, regarding to how pupils are taught, and is especially useful when it can be combined with existing teaching methods. By combining teaching with technology, allows for new teaching opportunities, and better-quality teaching/learning experiences. From their research, it was found that most studies showed positive results, however when implementing an AR app, it is important to focus on the educational value it produces, as opposed to focusing on features alone.
Bower et al. [5] discusses the pedagogical potential that AR could bring to both education and society. They produced a ‘learn by design’ case study using AR in the Art school, that included samples of students work and their feedback. Throughout the paper, it was not made entirely clear as to the number of students that participated, or their background experience with AR. The author said that students show appreciation for AR, in enabling them to achieve certain activities that may not be possible, among other positives, however they did not offer measurable means to gauging the students’ feedback. In conclusion, results showed ‘higher levels of independent thinking, creativity and critical analysis’ among the students. The authors conclude that, poor use of technology in the domain, may result in poor learning outcomes, which is why it is important that teachers utilise AR in ways that support the growth of students. Authors also state that it is important that educators keep up-to-date with future developments in AR, so that they can react to changes.	Comment by Kemi Ademoye: Some more details about the nature of the case study would have been nice to give the reader a better understanding of how AR was used.
When introducing augmented reality to medical students studying anatomy, Chien et al. [10] hypothesised that by working with 3D objects in AR with visual support, it can better assist with how medical students learn complex structures of the anatomy and is a faster means than from conventional methods. During their experiment, they selected 30 medical students from Kaohsiung Medical University, who have never studied anatomy class, randomly splitting into groups of three. Each group needed to memorise 31 parts of the skull in 40 minutes. Group A were required to memorise 31 parts of the skull with an atlas, group B used VR to aid them in learning the position and name of the skull parts, and group C used AR to learn the position and name of the parts also. Once the 40 minutes were over, students were asked to take an exam to gauge their retention to anatomical information. After the experiment was concluded, results were not given, nor reasons why. Had the results been provided, would allow the reader to understand which method was proven to work more effectively.	Comment by Kemi Ademoye: Much better 
Salmi et al. [11] states, that with MAR technology being effectively delivered through learning, many higher institutes are changing teaching methods – from instruction based learning to student-centred. From producing a prototype, called Human Anatomy in MAR (HuMAR), its aim was to help students understand the human skeletal structure using AR. The authors found that by using this technology, it has the capacity to better motivate students, and develop their learning process. Pilot test results of the prototype found that students reacted positively to HuMAR regarding its usability and features. Majority of this paper is focussed on the application’s functionality, and would have been interesting to see how well student’s retention of information was when learnt from the HuMAR app. Further, the System Development Life Cycle (SDLC) used during their project, used the waterfall model. There is an array of articles out there that discuss why waterfall might not be the most suitable method, when implementing a project. When outlining the phases in the development of the prototype, they did not include testing following the completion of the development. Reason behind this may be associated with their chosen model, as failure at the testing stage may lead to reverting to an earlier phase, incurring time and cost.	Comment by Kemi Ademoye: While the two case studies cited are interesting and relevant, perhaps you could have looked at some more related studies or other works citing these studies and they may have had some more interesting results.	Comment by Kemi Ademoye: I am not entirely sure why this is relevant to the context of your paper. Aim to keep your writing focused.
Bacca et al. [12] stated that teachers in Vocational Education and Training (VET) institutions found difficulty in educating pupils with special educational needs, and to students who lack certain abilities. Through research they have found that studies report positive results when AR is applied to primary, secondary, and higher education with regards to motivation, collaboration, enjoyment, interaction among others, however it was found that very little work has been done with regards to AR application in VET, and its effect on those who suffer from learning difficulties. From reading several different research articles relating to AR in education, this paper was found to be easy to follow and interesting, in that it included a MAR app design that was aimed at students with special educational requirements in VET, and was based on Universal Design for Learning (UDL), allowing for an inclusive educational approach. In doing so, not only will students with special requirements find the app beneficial, but its good design practices will benefit the majority. With regards to the questionnaire conducted (𝑛=13), this sample size is too small, with all participants being male (from a car maintenance programme). A larger sample size in this cross-sectional study would have been appropriate, with the inclusion of some gender diversity. Additionally, with a sample size of this nature, calls into question the quality of the results.	Comment by Kemi Ademoye: What were the results?
In an experiment conducted by Chiang et al. [13], the proposed MAR learning system, based on Global Positioning System (GPS) was produced to overlay virtual objects onto reality for a Natural Science project. It was used to determine its effectiveness in improving the students’ learning achievements of 57 fourth graders (ages 9-10 years) from two separate classes, in a Northern Taiwan elementary school. Experiment material used was to educate students about aquatic plants, and the different types of aquatic animals. The enquiry-based learning activity uses a five-step criteria, known as the cycle of enquiry, proposed by Bruce and Bishop [14], and these are ‘ask’, ‘investigate’, ‘create’, ‘discuss’, and ‘reflect’. This paper maps out each of these steps in detail, and pre-tests were taken by the students to ensure they had equal learning abilities, before they took part in the activity. Classes were split into separate groups. The first group of 28 students, was selected for the experimental group, and took part in enquiry based learning with MAR, the second contained 29 students, selected for the control group, they took part in enquiry based learning with a mobile device, without AR. After the activity, a post-test and questionnaire was conducted, to evaluate how well they learnt from the experience. Both tests conducted were produced by two teachers experienced in teaching the related topic. From the post-test, results showed that students from the MAR experimental group showed noticeably higher learning achievement and learning motivation than the control group, concluding that MAR was successful in improving students learning achievements and motivation through enquiry-based learning activities when comparing to traditional enquiry-based learning methods. Although results from this experimented experiment proved MAR to be beneficial among students, should individuals need additional learning guidance, teachers will need to produce digital content to offer this support, making AR a difficult, and time-consuming platform to develop content for, when comparing to traditional methods. At the end of the experiment, the authors concluded that there were limitations with the proposed system, regarding the accuracy of the learning objects.
III. CONCLUSION

As technologies continue to evolve, education will always look to adopt these technologies to improve teacher/learner experiences.
After reviewal of papers in the given topic, there is a significant amount of studies that say how beneficial MAR is to education. However, limited work was discussed around the difficulties it was toin produce producing content in MAR. One of my hypothesis are, for MAR to work in education, implementing it will need to be easier for teachers, this may be the difference with it becoming mainstream, or not. Wu et al. [15] discusses that while AR offers new opportunities for learning, it also creates new challenges for academics. They also mention, that students experiencing AR could become cognitively overloaded by the amount of information present on the device. 
With MAR being different to traditional teaching methods, teachers will likely need to produce extra learning material, adding more time to preparation, this alone may impact adoption rates. 
It was found that studies used small to medium sample sizes when conducting their experiments, and were not clear as to how they determined their sample size.
Bacca et al. made an interesting point regarding how MAR systems currently manage students with educational needs and learning difficulties. Little work was found to be done in this area, as it is important that academics do not exclude these students or other learning styles. Therefore, future developments in MAR will need to be made accessible, and designed for all, if they are to be part of the domain. With that being said, further research will need to be carried out in this specific area.
One thing that became noticeable early on, was the difference in the definition of MAR and AR among researchers, with researchers producing their own interpretations to the definitions.
With most having smartphones, educational apps in MAR, could tilt the focus more towards learner-centred education, allowing for more constructivist learning, as opposed to learning passively from a teacher for example. 
It is expected that more research will be conducted with MAR and AR in the future, as augmented reality offers a wide range of application in education and other industries.
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                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Research-informed Literature 
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	[bookmark: feedbackRIL]A good introductory review of the use of augmented reality in education. The introduction section was very good, but interesting details were sometimes lacking in the later main sections. A few areas discussed would have benefitted from a wider exploration of the related/background works. Nonetheless, it is a good write-up and a good range of appropriate reference sources have been consulted. Well done. (Grade mark: 68.33%)
	[bookmark: totalRIL]60
	[bookmark: markRIL]41

	
	
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	
	

	[bookmark: feedbackKUS]Key findings of the chosen research topic have generally been well summarised, but I would have liked see a more in-depth analysis in some areas. (Grade mark: 67.50%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]13.5

	
	
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	
	

	[bookmark: feedbackANA]A good analysis and evaluation of the chosen research topic has been given. As already mentioned, some sections could do with a more critical analysis and evaluation. Also, be careful to keep your discussion focused. (Grade mark: 60.00%)
	[bookmark: totalANA]10
	[bookmark: markANA]6

	
	
	

	4. Practical Application and Deployment
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.
	
	

	[bookmark: feedbackPAD]
	[bookmark: totalPAD]
	[bookmark: markPAD]

	
	
	

	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	[bookmark: feedbackSPP]The review is well-written and presented. The main area for improvement is managing your time better and aiming to submit your assignments on time. (Grade mark: 70.00%)
	[bookmark: totalSPP]10
	[bookmark: markSPP]7

	
	
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]67.5%

	
	Up to one week late
	[bookmark: fourWeeksLate]
	

	
	1st/2nd/3rd attempt?
	[bookmark: firstAttempt]
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