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Abstract
In this project, the aim was to critically evaluate the user experience when utilising a Leap Motion Controller in a virtual reality game. The objectives set out included the design and development of a virtual reality, Leap Motion Controller compatible game and conducting user tests within the created environment which contrast the Leap Controlled user experience with conventional virtual reality controllers. In this project, Oculus Touch controllers were chosen to contrast the Leap Motion Controller. An additional objective of the investigation and implementation of a gesture control framework for Leap Motion Controllers was also outlined.
By identifying useful techniques in research and development through a review of related literature, the requirements and design could be set out for both the game and methods of data collection. In user testing, the User Experience Questionnaire (short), and NASA Task Load Index were used primarily in data collection, while the System Usability Scale and Virtual Reality Sickness Questionnaire were used in an interim test phase to refine the product developed. Feature Driven Development was selected as the Agile methodology of choice, which allowed for considering product feedback and refining the requirements scope with MoSCoW criteria applied to ensure user experience feedback during final testing is valid.
Results from final testing suggested that gestural interactions using a Leap Motion Controller are more taxing on the users’ cognitive and temporal load and effort exertion, yet they were less obstructive to use, meaning that familiarity with gesture controls has potential to streamline interactions in some applications. Oculus Touch controllers described less effort exertion and simplicity of usage, however the degree of success in task performance was not as high as gestural controls.
The conclusion of this project resulted in a Leap and virtual reality integrated Unity game, feedback from a small pool of test users (n = 3), and statistical analysis of data, however this project would greatly benefit from recent Ultraleap advancements, a greater pool of test subjects, and more scenarios to gather data from.
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[bookmark: _Toc57601923][bookmark: _Toc69913426]1. Introduction
The Leap Motion Controller, also referred to as Leap Motion Sensor, is a small, relatively inexpensive device compatible with Windows, Mac, and Linux. This desktop augmented reality (AR) sensor tracks hand movements and converts this into input for software, otherwise known as a Human-Computer Interface. 
A popular usage for AR systems includes video games – a medium which is booming and is currently driving the development of many new virtual reality (VR) devices. Other popular applications of AR include the medical field, where medical experts can practice techniques on digital models. Marketing also makes use of AR by allowing consumers to preview objects in their own room, such as Amazon’s furniture preview – although not all products allow support this yet.
Bringing together virtual and augmented reality opens many possibilities – the Leap Motion Sensor combined with a virtual reality headset may enhance the users’ gameplay experience, such as preventing immersion from being broken due to excessive interaction with real world objects. To evaluate the effects a Leap Motion Controller has on the user experience, this project will endeavour to explore the history, qualities, and potential applications of combining the Leap Motion Sensor and Virtual Reality to understand how best the capabilities of the sensor can be demonstrated in this environment.
Upon understanding the tools and techniques used in implementing these systems, this project aims to design and develop a system which can be utilised in evaluating the user experience, where results can be used to make a deduction and provide a conclusion to the question of whether the Leap Motion Controller enhances the user experience. 


[bookmark: _Toc57601924][bookmark: _Toc69913427]2. Review of Related Literature
To best understand what the Leap Motion Sensor’s 


























[1] capabilities are, an analysis of various sources will be discussed to recognise the what the sensor brings to the table in a video game context. This will aid in formulating a series of aims and objectives for what developments will take place. To achieve these results, a brief look into the history of Virtual Reality (VR), Augmented Reality (AR) and gesture recognition interfaces will be conducted, followed up with a review of the various technology used throughout these fields. 
Analysing the applications of these technologies will also be done to further understand the fields in which they operate, with a focus on the context of video games. A brief conclusion summarising the key highlights will be provided at the end of the literature review.

[bookmark: _Toc57601925][bookmark: _Toc69913428]2.1. Topics of Study and History
According to a technical report by Mazuryk and Gervautz 





































[2], one of the earliest applications of virtual reality has existed since the 60’s - Heilig’s “Sensorama”, described by Allison 









































[3] as a “refrigerator sized mini-theatre that comes equipped with a vibrating seat and wind machine” which provides a 3D video experience that affects audio and visual senses, in addition to touch through the use of wind and vibrations, bringing a greater degree of immersion to entertainment media. 
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[bookmark: _Toc69913463][bookmark: _Toc56201291]Figure 1 Sketch of Morton Heilig's "Sensorama", sheet 3 of 8 


































[4]
VR began to flourish around the 90’s with a boom in popularity among its ever-increasing interest in the field – for example, architectural walkthroughs becoming popular among building designers, and NASA creating a virtual wind tunnel simulator to explore the effects of dynamic airflow around a body 

























[5].
In a blog by Dom 


































[6], a timeline of the events and developments regarding virtual reality is detailed. The earliest application of VR highlighted is the Sensorama mentioned in the report by Tomasz and Michael 





































[2], although the concept behind VR goes back even further. According to the blog, a book named “Pygmalion’s Spectacles” 


































[7] written by sci-fi writer Weinbaum is focused on a character who meets a professor which invented a pair of goggles that act incredibly like VR. The book mentions that the device, consisting of goggles and a rubber mouthpiece, brings the user into a “movie” where they are the main character, who can see, hear, touch, smell and taste their surroundings. These goggles can be thought of as the head mounted displays (HMDs) which contemporary Virtual Reality devices utilise.
Augmented reality, according to Hannah 






































[8], was a term first coined by Caddell in 1990, while the technological foundations for AR was established as far back as 1965 by Sutherland. Kreuger helped build up the concept of AR in the 1970’s by inventing a device which overlays silhouettes in reality named “Videoplace” 











































[9] – a concept which provided a theoretical foundation for many systems today in overlaying information and interfaces with reality. An example is television, such as sports overlaying scores and other visual aids in following the action onto the screen, or contemporary smart devices utilising applications which display the real world on their screen with additional systems, such as buttons on a camera app.

[bookmark: _Toc57601926][bookmark: _Toc69913429]2.2. AR, VR, and Gesture Recognition Technology
This section will discuss the various technologies utilised within the relevant fields and provide an overview of what devices are at our disposal when developing new systems. This will help with understanding what devices may aid in the development of this project.

[bookmark: _Toc57601927][bookmark: _Toc69913430]2.2.1. VR Devices
An affordable foray into Virtual Reality is the Google Cardboard 

























[10]. It is highly accessible as it uses an average smartphone to generate imagery, while specially designed software allows the user to interface with the phone hands-free. A simple cardboard viewer acts as a head-mounted display, with fasteners and fabric-flaps to lock a phone into the viewport. The make of a typical Google Cardboard sits at 3.30z and 150x90x55mm 

























[10], although more sophisticated models exist for enthusiasts 

























[11].
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[bookmark: _Toc69913464][bookmark: _Toc57771613][bookmark: _Toc57654024][bookmark: _Toc57654143]Figure 2 Depiction of how Google Cardboard incorporates phones into the viewport 

























[10] 
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[bookmark: _Toc69913465][bookmark: _Toc57771614][bookmark: _Toc57654025][bookmark: _Toc57654144]Figure 3 Google Cardboard in action 

























[10]
The Oculus series by Facebook set of devices featuring the Rift, Go and Quest models 


























[12]. The most recent model, Oculus Quest 2 


























[13], features a HMD and controller based interface, with the option to expand peripherals via a USB-C port on the side of the HMD. The controllers are two grips with a ring upon each of them to protect against accidental damage. Resolution of each lens on the HMD are 1832×1920px. While the Quest 2 can be used wirelessly, Facebook offers a fibre-optic cable for fast data transfer over a wired connection.
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[bookmark: _Toc69913466][bookmark: _Toc57771615][bookmark: _Toc57654026][bookmark: _Toc57654145]Figure 4 Inside view of the Oculus Quest 2 head-mounted display 


























[12]
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[bookmark: _Toc69913467][bookmark: _Toc57771616][bookmark: _Toc57654027][bookmark: _Toc57654146]Figure 5 Oculus Quest 2 depiction of usage 


































[14]
Another head-mounted display with a strong presence is the Index by Valve 


























[15] – a relatively expensive yet powerful set of equipment. Index can run either 120hz by default, or 144hz if available, where graphically it sits at 1440 x 1600 per lens. The HMD also features a USB 3.0 port for peripheral devices.
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[bookmark: _Toc69913468][bookmark: _Toc57771617][bookmark: _Toc57654028][bookmark: _Toc57654147]Figure 6 Overview of the Valve Index VR Kit 


























[15]
[image: valve index lenses]
[bookmark: _Toc69913469][bookmark: _Toc57771618][bookmark: _Toc57654029][bookmark: _Toc57654148]Figure 7 Inside view of the Valve Index 


































[16]
HTC is a company which paired with Valve to develop their own line of VR devices – the HTC series 


























[17]. Featuring the Cosmos, Pro, Pro Eye, and Vive models, the device with established Leap Motion support is the HTC Vive. Utilising lenses with 1080 x 1200 resolution each, and a 90hz refresh rate, this model sits at a relatively middle range spec. It uses USB 2.0, and is also compatible with base stations such as the Valve Steam VR models.
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[bookmark: _Toc69913470][bookmark: _Toc57771619][bookmark: _Toc57654030][bookmark: _Toc57654149]Figure 8 HTC Vive kit overview 


























[18]
[image: htc_vive_demo]
[bookmark: _Toc69913471][bookmark: _Toc57771620][bookmark: _Toc57654031][bookmark: _Toc57654150]Figure 9 HTC Vive user playing a video game 


































[19]
The final series that will be looked at is the Pimax line. The models Pimax offer include the 4k, 8k, 5k Plus, 5k XR, 8K X, and 8K Plus. The most recent model, being the 8K Plus, sports two 3860 x 2160 panels and a standard 90hz refresh rate (110hz experimental) 


























[20]. It is SteamVR compatible, boasts two USB-C ports, and has established a hand tracking module with Ultraleap’s IR170 camera 


























[21].
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[bookmark: _Toc69913472][bookmark: _Toc57771621][bookmark: _Toc57654032][bookmark: _Toc57654151]Figure 10 Pimax Vision 8K Plus headset overview 

























[22]
[bookmark: _Toc57601928][bookmark: _Toc69913431]2.2.2. AR Devices
AR devices overlay digital information with real life information, while commercial products tend to focus on real imagery overlayed with digital information. One such product utilising this application is the Google Glass Enterprise 2 

























[23]. 
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[bookmark: _Toc69913473][bookmark: _Toc57771622][bookmark: _Toc57654033][bookmark: _Toc57654152]Figure 11 Overview of the Google Glass Enterprise 2 


























[24]
Seemingly no different to a pair of glasses, it in fact provides visual information within the lenses – for example, a visual aid (e.g. a diagram) describing a task at hand which needs to be solved 


























[24]. It also comes fitted with a camera for recording what the user sees, and a microphone for voice-controlled functions.
The Microsoft HoloLens 2 

























[25] is a head-mounted display that - while not providing the lightweight element of glasses - boasts greater functionality. It can track eye, head, and hand motions, in addition to recognising voice commands via a microphone. Speakers allow the user to hear various functions of the HoloLens, while the tracking features and microphone allow for engagement with them. Bluetooth and WiFi compatibility allow users to connect with to networks and further enhance their experience – for example, they can access a web browser and view it through the lens 
























[26]. It also comes with a USB-C port and using USB-PD it has approximately 2-3 hours of battery life.
[image: HoloLens 2 hands-on: This feels like practical magic - CNET]
[bookmark: _Toc69913474][bookmark: _Toc57771623][bookmark: _Toc57654034][bookmark: _Toc57654153]Figure 12 Overview of the Microsoft Hololens 2 

































[27]
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[bookmark: _Toc69913475][bookmark: _Toc57771624][bookmark: _Toc57654035][bookmark: _Toc57654154]Figure 13 Depiction of Hololens 2 being used 

























[25]
Vuzix offer their own line of smart glasses – most notably a recent edition being the Vuzix Blade Upgraded Smart Glasses 


























[28]. An 8 Megapixel camera captures what the wearer sees for taking pictures or recording videos, while a noise cancelling microphone picks up user commands. A touchpad lets users navigate an interface for the glasses, while each lens will display said interface. The glasses can be paired to a companion app, providing awareness to the user without the need to bring out their phone (e.g. notifications and calls go to the glasses).
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[bookmark: _Toc69913476][bookmark: _Toc57771625][bookmark: _Toc57654036][bookmark: _Toc57654155]Figure 14 Labelled diagram of Vuzix Blade Upgraded Smart Glasses 


























[28]
A typical smartphone can also be considered an AR device – more specifically the software that make use of smartphone features, e.g., cameras or GPS. According to Vauqhan-Niohols, phones are capable of 







































[29] analysing what the camera sees and displaying relevant information to the user – e.g. product information at the store.

[bookmark: _Toc57601929][bookmark: _Toc69913432]2.2.3. Gesture Recognition Devices
The Leap Motion Sensor is a small , g desktop device that connects to a computer via USB and has a range of  FOV extending up to 60cm away. With a 120Hz refresh rate and included software that recognises 27 distinct gestures with occlusion resolving systems, this device can hold its own against existing VR control methods (specs retrieved from Ultraleap datasheet 


























[1]). 
[image: ]
[bookmark: _Toc69913477][bookmark: _Toc57771626][bookmark: _Toc57654037][bookmark: _Toc57654156]Figure 15 The Leap Motion Controller  


























[1]
A developer mount 


























[30] can be used to attach the sensor to a headset for a cleaner desktop setup and consistent tracking across various positions – for example, if a first-person view of the user is being utilised in a program, the sensor sits comfortably atop the VR head mounted display, remaining stationary and provides tracking consistent with the user’s viewpoint.
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[bookmark: _Toc69913478][bookmark: _Toc57771627][bookmark: _Toc57654038][bookmark: _Toc57654157]Figure 16 Leap Motion Controller developer mount 


























[30]
Sharma et al. 

















































[31] analyse the movement and gesture recognition of the LMS, noting the device has a rather competent eight cubic feet of range in front of itself in a pyramid shape originating from the sensor and extending up to 60cm away. 
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[bookmark: _Toc69913479][bookmark: _Toc57654039][bookmark: _Toc57654158][bookmark: _Toc57771628]Figure 17 Leap Motion Sensor Field of View 




















[32]
A range as large as this provides a strong avenue for a wide variety of gestures in video games at a comfortable distance from the desk surface. 
The device utilises an estimation system in data handling – i.e., it looks for recognisable patterns in the data shown 

















































[31]. For example, the device gets a 2D image and tries to form a 3D image from what is shown. An example could be that a hand is being shown flat to the sensor, but gradually rotated 90 degrees. The sensor has difficulty picking up the presence of a hand following this change, posing an issue that needs consideration in the development of a game.
With regards to other gesture recognition devices, the Valve Index 


























[15] can also use up to four “base stations” – devices which sit in the room and track the user with a 160º x 115º field of view and 7m range, which provides much greater precision to the gesture tracking systems of SteamVR 


























[33].
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[bookmark: _Toc69913480][bookmark: _Toc57771629][bookmark: _Toc57654040][bookmark: _Toc57654159]Figure 18 Diagram showing the Index and Base Station setup 

































[34]
Microsoft’s Kinect is also a popular medium for gesture recognition. There are two models of Kinect – the Kinect 1 detailed by Leadbetter 


































[35], and the Kinect 2 analysed by Ashley 


































[36]. The Kinect 1 released late 2010, while the second launched mid-2014 for PC platforms. Focusing on the most recent model, Kinect 2, the range at which it operates is between 50cm – 8m, with a Field of View sitting at 70x80 degrees. 
The sensor can competently track up to 25 joints of the body, however it’s worth noting that the sensor cannot be tilted and must be positioned at a distance that can comfortably recognise the whole body.
[image: Kinect v1 Kinect v2]
[bookmark: _Toc69913481][bookmark: _Toc57771630][bookmark: _Toc57654041][bookmark: _Toc57654160]Figure 19 Overview of the Kinect 2 (left) and Kinect 1 (right) 

























[37]
The Data / Wired Glove is another gesture recognition device, described by Ortega-Carrillo and Martínez-Mirón 







































[38] as wearable gloves that contain fibre optic cables which run along the bones in each hand, and a camera to detect external vectors of the hand (e.g. rotations and position). 
The Forte Data Glove is a more contemporary data glove – sporting an improvement over fibre optics in the form of haptic sensors attached to the fabric in the gloves, in addition to either wired or wireless connectivity. The latter is comfortably enabled by a battery life of six to eight hours, while the weight of 3.65oz is lightweight enough that users can likely go extended periods of usage without much fatigue 


























[39].
[image: BeBob Sensors - Forte Data Gloves]
[bookmark: _Toc69913482][bookmark: _Toc57771631][bookmark: _Toc57654042][bookmark: _Toc57654161]Figure 20 The Forte Data Glove being used 


































[40]
[bookmark: _Toc57601930][bookmark: _Toc69913433]2.3. Applications of AR, VR and Gesture Recognition
The goal of this section is to identify various applications and understand how the relevant systems are integrated within other fields, thus the literature will be explored surrounding them.

[bookmark: _Toc57601931][bookmark: _Toc69913434]2.3.1. Accessibility
Wozniak et al. 





























































[41] discuss the applications of the Leap Motion Controller and occlusion of gestures – which was highlighted as a key hurdle for those developing with it. It is described in the following way:
“the algorithm can estimate to some extend typical hand gestures and thus provide astonishing useful tracking. Nevertheless the software can’t fulfill wonders and thus sometimes fails.” 





























































[41]
Occlusion is an issue that cannot be perfectly resolved. The limitations of the sensor in this way means that the user is also limited in their approach to using the sensor. Without being able to clearly identify moments in which the sensor is handling occlusion, the user will continue up against the occluded system and produce dissociation with what they expect to happen in real life. This is a noticeable issue that will need strong consideration when developing software.
[image: (a) Leap motion hand tracking and occlusion issue. ]
[bookmark: _Toc57654043][bookmark: _Toc57654162][bookmark: _Toc57771632][bookmark: _Toc69913483]Figure 21 Leap motion hand tracking and occlusion issue [42, Fig. 6(a)]
Wozniak et al. 





























































[41] also discuss the gesture systems - where the prominence of simple, obvious, and easy to learn gestures is pushed as incredibly important in the development of a Leap Motion game. In learning, such as with new interaction systems for software, relevant information to remember here includes the Gestalt Law of Grouping 




































[42], i.e., the system at which seamless learning takes place, which states:
“in order to exhibit learning, a series of organic actions that presuppose earlier ones, which is the same thing as to say modification has taken place; but in addition the series will generally show a general approximation to an optimal term, optimal, that is to say, from the point of systemic conservation” 




































[42]
An example of a gesture which follows this law would be a wave of the hand. An open palm facing the sensor, translated in a direction while retaining the same state is not complex and requires little effort to do. These gestures are best suited to key roles in a game, such as opening a menu for the user to browse. Understanding what makes a strong gesture is important in identifying how best to keep the user from tiring out and having a worse user experience. Leap Motion’s documentation recommends using simple gestures that operate in the same manner 


























[43] – where other examples include swiping or tapping.
Bachmann et al. 













































[44] extensively review the Leap Sensor, where a key drive to their study is the investigation of various interfaces as a form of Natural User Interface (NUI), of which is described as the following:
“NUIs are special types of User Interfaces (UIs), that support interactivity by analysing and recognising users and their behaviour. Input is based on a wide range of interaction devices, which in turn are based on, for example, cameras, depth sensors or haptic or tactile feedback” [45, p. 1]
The Leap Sensor is thought to be a NUI based on this description, which the article aims to further explore as a result. Highlights for key interface design considerations were presented, including the likes of [45, p. 3]:
· Usability
· Effective
· Efficient
· Satisfactory
· User
· Task performance
· Comfort
· System performance
A discussion on the topic of the Leap Sensor as an interface applied to games & gamification was outlined [45, p. 10]. The results yielded from user testing describe the Leap Sensor as a promising mode of interaction for children and is best suited to games with simplicity i.e., very few systems at play, with the best results coming from a navigation game based on obstacle avoidance.
In addition, an analysis into the prospect of gestural recognition as an interface, with the Leap Sensor as a focus is described [45, p.14]. A set of recommended gestures are discussed, of which include but are not limited to:

	Gesture
	Motion

	Circle
	Outstretched finger, motioned in a circle

	Swipe
	Outstretched finger, motioned in a line

	Key Tap
	Outstretched finger, motioned down then up

	Screen Tap
	Outstretched finger, motioned forward then back


[bookmark: _Toc69913506][bookmark: _Toc68969076]Table 1 Table of gestures available via the Leap Motion API 


























[43]

	Gesture
	Motion

	Pointing
	Outstretched finger, static

	Push
	Open palm, motioned forward or backward

	Clap
	Both hands open palm, bring together until palms touch

	Two-handed Swipe
	Both hands outstretched finger, swipe in same direction

	Grasping
	Open palm with curled fingers, move in any direction


[bookmark: _Toc68969077][bookmark: _Toc69913507]Table 2 Table of proposed solutions by Bachmann et al. [45, p. 14]

User testing was performed by Rempel et al. 










































[45], and it is said that motions utilising a claw or fist shape pose were found to be the least comfortable of proposed solutions. In contrast, open palm and straight wrist poses were more comfortable.
User Interface (UI) evaluation is regarded as the primary means of unveiling quirks and difficulties in a human computer interface. This is described by Bachmann et al. as the following:
“…analysis, assessment, and testing of a UI as a whole or in parts of it” [45, p. 19]
It is stated that the purpose is to identify usability issues or other means of preventing the user from interacting optimally. How the user interacts, context of an action and results produced are said to be key factors in usability evaluation. User experience (UX) evaluation is described as a related yet separate means of UI evaluation. In addition, user task performance is highlighted as a consideration – encompassing factors such as time needed to navigate, accuracy of object placement and errors made when selecting an object.
Bachmann et al. [45, p.20] highlight the System Usability Scale (SUS), which can be applied to evaluate usability of systems. In a journal article by Brooke [47, p. 192], the System Usability Scale is detailed - a set of ten questions utilising the Likert Scale are proposed and shown in [47, Fig. 21.1]. 
Bachmann et al. state that ISO 9241-210:2010 



































[46] defines user experience as the following:
““a person’s perceptions and responses that result from the use or anticipated use of a product, system or service” [45, p. 21]
In an attempt to understand the user experience, Bettina et al. 












































[47] formulate an approach to analysing UX by constructing the User Experience Questionnaire (UEQ), which analyses six factors:
· Attractiveness
· Perspicuity
· Efficiency
· Dependability
· Stimulation
· Novelty
Schrepp et al. outline a short version of the UEQ in English [50, Fig. 3].
Bachmann et al. also discuss the factor of mental workload [45, pp. 21-23]. This is stated to be the ability to avoid overwhelming the user by a given action, and one such means of investigating this is by utilising the NASA Task Load Index (NASA-TLX). In conference proceedings by Sandra 







































[48], the NASA-TLX is seen to utilise six measures of identifying task load; one of which, mental workload, is defined as the following:
“thinking, deciding, calculating, remembering, looking, searching, etc.” and “was the task easy or demanding, simple or complex, exacting or forgiving” 







































[48]
A scale with endpoints low effort and high effort is used to quantity mental workload in addition to other task loads. Furthermore, they discuss system performance of 3D Human-Computer Interfaces, highlighting gestural recognition rates and input latency as primary factors to evaluate [45, pp. 24-25]. Real-time characteristics of objects was regarded as important in maintaining context and user performance in a system.
Contemporary VR devices ask that a user wear a head mounted display and typically utilise two remote controllers for an interface – although some offer alternative input, such as PlayStation VR’s camera. Considering the best possible mode of input proves to be an ever-evolving hurdle in building games, as a novel user experience is the driving force behind VR popularity, thus prompting numerous discussions about how best to immerse the user. This is due to the various feedback systems to the users’ senses, which can affect immersion and the user experience, e.g., controller haptic feedback and auditory feedback to in-game actions. Dissociation with what transpires within the game can break said immersion and hinder the user experience, or even induce symptoms of simulator sickness in the user. 
Robert et al. 



















































[49] states that symptoms induced by dissociation with reality while using virtual reality can be called “Simulator Sickness” (SS), and a test was conducted to identify what these symptoms are in addition to gauging their severity in a questionnaire. Utilising a helicopter flight simulator as a testing mode, results showed that around half the participants (~1850 subjects) had mild to severe symptoms of SS afterwards. Therefore, identifying how best to bring the user close to full immersion and eliminating dissociations from reality is a large hurdle to consider when utilising the LMS along with VR. A lack of physical feedback from the hands-free approach can be thought of as one of the primary issues to consider.
The lack of physical feedback resulting from using a gesture-controlled system means that the ability to appropriate identify and respond to a virtual reality game is limited. Stanney 




































[50] suggests a workaround to this hurdle through sensorial transposition – the method of feeding back to one sense where feedback to another is expected, where in this case, physical feedback is expected.
Evaluation of sensorial transposition methods has been conducted by Vosinakis and Koutsabasis 











































[51], where some recommended methods include visual feedback measures as replacements to physical feedback. Their study concluded that manipulating the colour of an object directly or giving it a “halo” effect was most appropriate for interactions reliant on proximity to interactable objects.
[image: ]
[bookmark: _Toc69913484]Figure 22 Examples of the halo and object colour changes as modes of sensorial transposition, image credit to Vosinakis and Koutsabasis 











































[51]

[bookmark: _Toc57601932][bookmark: _Toc69913435]2.3.2. Education
Das et al 


























































[52]. propose discuss how Augmented Reality finds its way into the classroom and making education more enjoyable for youths. Applications discussed involve the likes of making pop-up imagery of local terrain and structures from 2D data, in addition to creating Augmented Reality games to improve history education through interaction (e.g., artifacts in a museum) [55, p. 4].
An application of history education is by Schrier 



































[53], who designed and developed an Augmented Reality game which teaches history regarding the Battle of Lexington, Massachusetts by interacting with historical sites and virtual non-player characters through audio logs and information databases. The app aims to not only educate on this front, but also many other skills – this includes, but is not limited to, communication, information management, media fluency, and teamwork skills. 
Huang et al. 



























































[54] explore the prospects of virtual and augmented reality in education by surveying two groups of students (total number = 109), who were asked to engage in either Virtual Reality or Augmented Reality lessons. Results from surveys describe higher enjoyment when engaging with educational VR systems, although AR systems held their own when delivering audio-based content [57, Tab. 1].

[bookmark: _Toc57601933][bookmark: _Toc69913436]2.3.3. Medicine
Weiss Cohen designed a system for the Leap Motion Sensor which seeks out to capture the gestures made by users, intended for patients to create an informed system on joint rehabilitation exercises which they can then engage with to accurately reproduce a strict process. 











































[55].
Diego-Mas and Alcaide-Marzal sought out to utilise low cost gesture recognition devices (e.g. Microsoft Kinect, ASUS Xtion) to assess postural loads in the workplace, intended to combat concerns regarding Musculoskeletal Disorders 










































[56]. Sensors query postures at regular intervals (approx. ~30s) and estimate which gesture the worker is using and stores this data for evaluation [59, p. 978].
Meola et al. conduct a systematic review of various Augmented Reality systems utilised in the field of neurosurgery 































































[57]. Some such applications of AR discussed include, but is not limited to, overlaying patent scans onto their body using visual aids (e.g. binoculars), lipstick-shaped cameras which output an AR scene to external devices, and superimposition of CT / MRI scans onto patient bodies [60, pp. 541-543].
Broyles et al. evaluate a cataract surgery simulator which acts as a virtual training ground for surgeons, in addition to performance evaluations 

















































[58]. Developed by HelpMeSee 

























[59], the goal is to make such training affordable and as accurate to manual teaching methods as possible. Further methods for education in medicine are discussed by Tanjung et al. 























































[60], who describe using a virtual reality interactable skeleton for learning bodily anatomy.

[bookmark: _Toc57601934][bookmark: _Toc69913437]2.3.4. Military
Melzer and Moffit highlight the usage of Head-Mounted Displays used by the military 





































[61]. Pilots of aircraft are granted greater situational awareness by way of layering important information (e.g., text, graphics, maps) over their vision, whilst the layout of data follows their head orientation for consistency. Additionally, some systems allow pilots to track missile targets with their vision or enhance manoeuvrability with FLIR and night vision [64, p.16]. Lord mentions that an application of helmet mounted displays dates back to the cold war, used by pilots of attack helicopters to bolster their performance [65, p. 74].
A key application of Augmented Reality in military aircraft is the Heads-Up Display system. An early example is described by Donald as providing key information to pilots by superimposing upon the glass viewport [66, pp. 161-162]. Some data displayed that was mentioned include the likes of altitude, velocity, and weapon status. A contemporary example of such heads-up displays is the BAE Striker II helmet – Smith discusses this in detail 


































[62], highlighting the feature of an integrated night vision camera that processes a pilots’ vision and projects a clearer night view onto the visor. This is in addition to essential information such as velocity and orientation of the aircraft, prioritising the focus of vision through the cockpit and not down at the dashboard.
Reitz and Seavey discuss Virtual Dismounted Infantry Training – a method for providing experience to soldiers currently out of combat 





































[63]. One implementation noted was the Dismounted Soldier Training System, which utilises Virtual Reality displays for scenario visualisation, a physical training space for soldiers to immerse themselves in a combat scenario by moving around, and tools they can use to engage in the scenario (e.g., fake rifles).

[bookmark: _Toc57601935][bookmark: _Toc69913438]2.3.5. Architecture
Cirulis and Brigmanis outline a system for displaying and interacting with 3D objects through a lens by cross-referencing information gained via camera and location data (e.g. GPS) 









































[64]. A diagram describing the overall process can be seen in [69, Fig. 2], where the goal is to let building site managers plan the architecture with precision and improve the overall workflow.
Wang highlights multiple applications of Augmented Reality in architecture 







































[65]. One such example is the ARTHUR project, which is described as allowing building planners to view a scaled model of numerous buildings whilst interaction software can provide an interface [70, p. 317]. Wang also mentions Augmented Realty Computer-Aided Design (AR CAD) is utilised as a visualisation software for modelling the design of piping skid, and sports compatibility with AutoCAD, the modelling software interface.
Portman et al. provide an overview of VR and AR applications 













































[66]. An application described as Building Information Modelling (BIM) asks that users “play” in a virtual environment designed with realistic physics, with intent to evaluate variables regarding the structure (e.g., integrity, comfort) [71, pp. 379-380]. In addition, the ability to view effects of climate change on an area is another application detailed – users can visualise environmental impacts such as floods and can plan around the result of such simulations [71, pp. 380-381].

[bookmark: _Toc69913439]2.3.6. Engineering & Crafts
Thomas and David discuss the presence of AR in the field of Engineering 







































[67], where one such highlight is the usage of a heads-up display helmet to provide workers with information overlays in streamlining their performance - e.g. construction details shown in [72, Fig. 1], or the ability to overlay templates onto work surfaces to reduce likelihood of missteps [72, Fig. 6].
Lu et al. explore various applications of AR and VR in the research and development of new products 















































[68]. It is stated that the ability to visualise a product’s design in virtual reality with intent to evaluate how fitting it is for the role can be considered integral to industries such as aerospace and automotive, in addition to physics simulations can be used to test products, such as cars in a crash test [73, p. 483].
Natsupakpong et al. discuss the implementation of a Leap Motion Controller in training users in manufacturing processes used on production lines 











































[69]. The system developed asks users to perform part assembly of an Ekobots Magnetic Cube – a 3x3x3 consisting of eight parts [74, Fig. 7], with the user goal being to assemble this as quick as possible for their training.
Gangrae et al. explore the potential of immersive virtual reality environments in virtual figure model crafting 











































[70]. The designed system allows users to make use of a Leap Motion Controller in gathering gestural input, of which have varying applications depending on the current step the user is at. For example, initially they are asked to deform a model with hand gestures, then subsequently asked to carve detail using virtual tools [75, p. 361-362].

[bookmark: _Toc57601937][bookmark: _Toc69913440]2.3.7. TV & Film
Popovici and Vatavu explore some forays of Augmented Reality in the field of TV & Film 








































[71]. For example, “AroundTV” is described as a system that projects widgets, separate (virtual) screens, and interfaces in and around a TV system, allowing the user to cater their viewing experience to best suit them [76, p. 270]. 
MacQuarrie and Steed delve into the application of Cinematic Virtual Reality 








































[72], where they describe an experience called “Monoscopic Video”. This is where the viewer utilises a Head-Mounted Display to immerse themselves in a 360 degree video consisting of multiple camera perspectives stitched into a circle around the user, effectively forming a viewing sphere [77, p. 46].
Baillard et al. discuss the implementation of mixed reality systems into television 



















































[73]. They describe product advertisements as potentially engaging for users, where synergy between a headset for viewing products and mobile device (e.g. phone, tablet) for object manipulation bring user interest in new products to greater levels [78, p. 2].

[bookmark: _Toc69913441]2.3.8. Vehicles
Newcomb discusses the applications of a Heads-Up Display within automotive displays on the windshield or on top of the dashboard 
































[74]. One system highlighted was a dynamic arrow pointing towards the drivers’ destination, aiding in the navigation of complicated roads. In addition, cars in front of the driver are marked with a halo directly underneath, which changes colour based on distance measured between the two vehicles (e.g., too close changes the halo to a red colour).
Docian explores the potential of a Visually Coupled Airborne Systems Simulator in training of new pilots for combat 

































[75]. The proposed idea is to use a helmet mounted display to view a virtual synthesized environment consisting of imagery and symbols relevant to these pilots (e.g., weapon systems status). The pilot, given control devices, can manipulate their environment, such as the orientation of their aircraft.

[bookmark: _Toc57601940][bookmark: _Toc69913442]2.4. AR, VR and Gesture Recognition in Video Games
The goal of this section is to discover how the fields of Virtual, Augmented Reality and Gesture Recognition systems fit alongside video games. Recommendations from prior applications, in addition to an understanding of these systems, will serve as inspiration for the development in this project.

[bookmark: _Toc57601941][bookmark: _Toc69913443]2.4.1. History
One of the earliest applications of gesture recognition technology in video games was invented by Nintendo, named the “Power Glove”. Levy discusses this in depth 






































[76] – this glove was a hot topic when it released back in 1989, where games such as Mike Tyson Punch-Out utilise the player’s punching motions as input for the player character in the game (e.g. a users’ right uppercut translates into just that in the game) [81, p.2].
[image: ]
[bookmark: _Toc69913485]Figure 23 Gentile recently paid a visit to the S U campus, where he showed students applications in the works for the Power Glove. [81, Fig. 2]
The ABC drive the point that the technology did not take off 

































[77] – mainly due to how imprecise the input data from the user was. With more advanced technology today providing more accurate data, in addition to greater ergonomics, the realm of glove technology still has potential (e.g. Forte by BeBop Sensors 


























[39]).
Virtuality is considered one of the earliest applications of virtual reality in video games in the 1990s 
















































































[78–80] – this arcade machine, designed much like a pod, was a trailblazer for future applications when looking towards the design of a Head-Mounted Display. Unfortunately, the device was too novel for its time - the performance of such devices was not competent enough to keep users from feeling Simulator Sickness 










































































[49], [80][85, p. 1].
[image: ]
[bookmark: _Toc69913486]Figure 24 Overview of a Virtuality device 

































[78]
Augmented Reality devices also saw usage early on in video game applications, dating to the early 2000s with “ARQuake” 



























































































[52], [81]. This was known as an extension to the (at the time) popular video game Quake, but with Head-Mounted Display compatibility and a portable computer, the game could be played on the go with computer generated objects being projected onto the users’ display [86, p. 1].
[image: ]
[bookmark: _Toc69913487]Figure 25 ARQuake being played outdoors 



































[82]
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[bookmark: _Toc69913488]Figure 26 Tinmith outdoor backpack computer used to play ARQuake. [86, Fig. 3]

[bookmark: _Toc69913444][bookmark: _Toc57601942]2.4.2. Contemporary Applications
One example of a virtual reality, gesture-controlled game was made by Do 

































[83], which utilises the Leap Motion Sensor and an Oculus Rift in a game focused on interacting and raising an animal. Do utilises various methods for testing the prototype - observations, interviews, and experimental studies were highlighted as key data collection methods [88, pp. 39-45]. The Computer System Usability Questionnaire (CSUQ) 







































[84], After Scenario Questionnaire (ASQ) 







































[85] and NASA Task Load Index (NASA-TLX) 







































[48] were stated to be used in evaluating usability for a product. Do concludes that the foray into LMS controlled VR games showed “high acceptance of player workload, interface and information quality” [88, p. 82], and that utilising more than seven gestures is advised against.
Navarro and Sundsedt 








































[86] compare the HTC Vive controllers 


























[87] with the Leap Motion Controller in virtual reality games. The results were that while the Vive controllers allowed users to perform better due to ease of use, the sensor resulted in higher levels of enjoyment when playing the ball and puzzle games. Board, adventure and fighting games were listed as recommended topics of exploration in sensor developed games [91, pp. 109-110].
Lin explores the potential of virtual reality in horror-based video games 








































[88] by conducting a study on what impacts this particular interface has on the user. Users were asked to watch participate in a demo of a horror game, preceded by a trailer viewing of the game in question [93, p. 354]. Subsequent questionnaires – utilising techniques such as Sensation Seeking Scales and open-ended questions [93, pp. 354-356] – and analysis of results concluded that VR made a substantial enough impact on users to prove it a worthwhile interface choice for VR games.
Pokemon GO is a popular augmented reality game 

































[89] – interfacing a beloved game franchise with real world data proved great interest lies in this field. The app utilises phone GPS, a wireless signal, and cameras in its primary systems - the collecting and interactions with virtual monsters, as described by Zsila et al. [95, pp. 56-57].

[image: ]
[bookmark: _Toc69913489]Figure 27 Pokemon GO screenshots obtained via the Google Play Store 

































[89]
The user’s real-life geographic motions are translated into the game using GPS and camera data, for example a map in the game shows an accurate reflection of the players’ GPS coordinates. This type of game which is heavily built upon outdoors and social activities proliferated itself through a wide range of methods – Alha et al highlight social influence, novel technological application, exercise conducted throughout gameplay, the social setting surrounding the game, and casual nature of the app as primary reasons people consider picking up the game 




















































[90]. Overall, the integrated augmented reality systems bolstered the game significantly enough to become a huge trend when it released.

[bookmark: _Toc57601943][bookmark: _Toc69913445]2.4.3. Competitor Analysis
The Leap Motion VR Gallery 

































[91] hosts a wide variety of games which use the Leap Motion Controller and a VR head-mounted display. One such application is “Cat Explorer” 


































[92]:
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[bookmark: _Toc69913490]Figure 28 Cat Explorer hand recognition being demonstrated.


































[92]
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[bookmark: _Toc69913491]Figure 29 Cat Explorer biology exploration example 


































[92]
The game allows users to learn by interaction. Waving your hand through the cat will dissect it, teaching the biology of various body parts. Sliders allow the user to further dissect specific parts. The game utilises a Natural User Interface alongside these for a robust learning experience. A small yet effective set of gestures are used – sliding, waving, and pinching. The game is advertised not only through the VR Leap Motion gallery, but on YouTube 


































[93] to reach as great an audience as possible.
Wave Magic is a virtual reality gesture controlled game that puts the player in the shoes of a mage who travels from battle to battle, fending off fantasy enemies with a range of spells 


































[94]. 
[image: ]
[bookmark: _Toc69913492]Figure 30 Overview of Wave Magic top-down world navigation 


































[94]
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[bookmark: _Toc69913493]Figure 31 Demonstration of casting a spell during a fight 


































[94]
A small range of gestures have been identified – pushing, pointing, and waving. Analysis of user reviews show that the gesture interface is unrefined – particularly with how little the Leap Sensor is supported within the game, despite being one of the preferred interfaces, e.g., the user is limited in usable spells with the sensor, versus Vive wands which allow for more options. The ability to throw out a spell with a push is considered one of the strongest aspects of the game, where a Natural User Interface bolsters the enjoyment factor of roleplaying a wizard – although this game does not bring out the full potential of the Leap Motion Sensor.
Fragmental 3D is a Leap Motion supported augmented reality game, which is essentially Tetris in a 3D space, however blocks are placed or rotated by the user with their hands 

































[95]. Initially the game did not support virtual reality, however it was later updated with support for Oculus Rift 

































[96].
[image: ]
[bookmark: _Toc69913494]Figure 32 Fragmental 3D from the perspective of an Oculus Rift user 

































[96]
Fragmental 3D brings a new level of depth to a classic game – the additional dimension to work with is accented very nicely with the Leap Motion Sensor and head-mounted display, as the user can manipulate the blocks almost as if they are playing with real LEGO. Pushing, sliding, and grabbing gestures are used in the manipulation of blocks.

[bookmark: _Toc69913446]2.5. Conclusion
Information regarding the appropriate technology to adopt in the development of this project was identified with the technologies review. The most competent contemporary headsets, being the Oculus Quest 2, Vision 8K Plus, and Valve Index. A VR developer mount will also aid the creation of a system utilising the Leap Motion Sensor. Analysis of applications utilising related technologies described many useful techniques in research and development. Considerations for obstacles to development were also noted, such as but not limited to, gesture occlusion and simulator sickness.
[bookmark: _Toc50342128][bookmark: _Toc50343719]


[bookmark: _Toc57601945][bookmark: _Toc69913447]3. Rationale of Study
The boom of gaming and rising traction for virtual reality focused experiences shows that a place for Leap Motion controlled setting has potential yet requires more exploration. The rationale behind this study is to create a game that demonstrates the capabilities of the Leap Motion Controller in a VR setting and contrasting with conventional interaction methods that typically keep to popular utilities such as controllers or mouse and keyboard. Versus a controller, which has a limited amount of button inputs, the sensor can accommodate for as many inputs as there are suitable gestures, allowing for potentially more diverse modes of interaction. Furthermore, the Leap Motion Controller is a natural user interface that potentially demonstrated greater compatibility with the immersive properties of virtual reality. 
Some studies 

























































































[60], [97] describe a preference for controllers due to how much utility they provide, with the Leap Motion Controller noted as a strong competitor, although there is a general lack in studies which explore the potential of a Leap Motion Controller for virtual reality games versus controllers.

[bookmark: _Toc57601946][bookmark: _Toc69913448]3.1. Project Objectives
The aim of this study is to understand the impacts upon user experience in which a Leap Motion Controller brings in virtual reality games and demonstrate these capabilities as an alternative interaction method to controllers in a virtual reality game setting by contrasting with other modes of control. The essential components in understanding these will come from a set of key objectives, including:
1. Design and development a game in Unity which is compatible with both VR and an Leap Motion Sensor. This will be utilised in user testing for objective three.
2. Rigorous investigation and implementation of a simple yet robust gesture-based framework for interactions between the user and game. This will b integrated into the game developed for objective one.
3. Critically evaluating the Leap Motion Sensor capabilities as an alternative VR game interface. Prospective users will then provide feedback regarding their user experience with the Leap Motion Controller and a conventional virtual reality controller by using the game developed for objective one.
[bookmark: _Toc69913449]3.2. Outcome & Deliverables
The aim of this project is to demonstrate and critically evaluate the user experience capabilities of the Leap Motion Controller in a VR game. In an endeavour towards these goals, the following artifacts will be constructed:
1. A Unity game and the corresponding assets that take advantage of integrated Leap Motion Controller and virtual reality systems.
2. Guidelines on the design and development of a robust gesture-based system using Leap Motion Controllers in a VR game, formulated by analysing user feedback and utilising an iterative development process.
3. A critical evaluation of the various systems developed in the game will be constructed. Statistics gained from prospective user feedback (formed through surveys and interviews) will be provided.


[bookmark: _Toc60861657][bookmark: _Toc69913450]4. Research & Development Methods
[bookmark: _Toc57601948]This section will discuss the methods used in analysing and understanding how best to develop a game that demonstrates the capabilities of the Leap Motion Controller when integrated into a VR game. Strategies in the development process will also be documented.

[bookmark: _Toc60861658][bookmark: _Toc69913451]4.1. Research Methods
This project will adopt a positivist philosophy in the methods used. A deductive strategy will be employed in results analysis.
User observations will be conducted by first introducing prospective users to the various equipment being used via brief tutorials and followed with a demonstration of the software implementation. Users will then be tasked with using the current software implementation, while throughout they will be asked to describe any current thoughts and issues encountered.
The NASA Task Load Index, System Usability Scale, User Experience Questionnaire, Virtual Reality Sickness Questionnaire, and After Scenario Questionnaire were identified via the literature review as potentially useful data collection formats in this project. Prospective users will be asked to participate in a minimum of one data collection method - making use of the Likert Scale for statistics, in addition to Yes / No & descriptive questions for in-depth information throughout. Said feedback will be analysed, and results will be utilised in further refining the implemented systems.
Both structured and unstructured interviews with prospective users interested in providing feedback on this project can be utilised. Data from both types of interviews will provide qualitative and quantitative data – for example, a structured interview can gather statistics regarding events such as user or software errors. Unstructured interviews are key to identifying potential areas for improvement within integrated systems, such as the gesture mechanic - subjective data such as how capable the user felt when making use of it will aid in future refinements to the system. 
With regards to validity of results, the development of a prototype which can be tested against will yield primary data where deductions can be made to answer the research question. A concern with reliability of results includes the small scope of potential test users due to COVID-19 restrictions, where a larger range of subjects may produce different results. Factors that may hinder generalisability include the game being used in testing, in addition to the choice of VR equipment – although this may not strictly influence results given the head-mounted display only serves as a viewport. 
Once user testing has been conducted, the results will be compiled such that descriptive statistics will be the method of data description. Deductions can be made from these results, where said findings will be determined by the testing period – interim testing will focus on collecting data that can suggest potential refinements the prototype, final testing will be conducted to address the project objectives. 
There are numerous risks that come with development of software, as there are not only risks with the software itself, but the hardware it runs on. Other constraints are also prominent in the field of development, although some of the most prominent are:
· Time constraints on deliverables may make deadlines difficult to meet. Research into project demands and scheduling will aid in meeting deadlines.
· Funding limitations impose constraints on resources available. Research into the minimum cost solution and reserving suitable funds will mitigate this risk.
· Hardware or software damage may hinder progress. Backup files and devices will enable continuation of the project under these circumstances.
· Scope modifications could increase workload. Robust prior research into the demands of further development will mitigate scope creep, and prioritisation of key tasks will control the range of tasks at hand.
Consideration for the wellbeing of potential users will be of high priority. Some physical issues identified include:
· Simulator Sickness – like motion sickness symptomatically, induced by dissociation with reality (e.g., in game the user is moving ‘fast’, out of it they are stationary).
· Claustrophobia – the feeling of being trapped in an enclosed space due to the confined space coming with a virtual reality headset or scenario environment.
· Flicker Vertigo – symptoms may vary from dizziness to nausea, induced by flickering lights between certain wavelengths.
· Unfamiliarity with technology resulting in accidents or confusion with the application (e.g., the user trips and falls due to lack of spatial awareness).
· Non-offensive, context sensitive interface and scenario design must be of consideration to retain a positive user experience.

[bookmark: _Toc60861659][bookmark: _Toc69913452]4.2. Development Methods
Feature Driven Development will be adopted as the development lifecycle for this project. Following the construction of an Initial Requirements Specification, these are used to generate features which may contain one or more requirements. Several features will make up a milestone, where any number of them will be developed during each sprint. All milestones that make up this project will be ordered in terms of development priority, applying MoSCoW criteria to each individual requirement within the features of a milestone, thus providing an expected roadmap for what milestones fall under which sprint period.
The Project Timeline will serve to organise the roadmap into various development periods known as ‘Sprints’ (usually lasting a week or two). An interim testing period will be utilised in identifying outstanding prototype issues that serve to refine the requirements specification. A final testing period will be used to gather data for the purpose of achieving this projects’ aims, however it will also be utilised in highlighting future development recommendations. A Development Logbook will also be utilised in tracking the progress of the implementation. Retrospectives will be outlined at the conclusion of a sprint, to identify what went well and what can be done better in future sprints.
To create a prototype game for which users will be tested against, the necessary resources include:
1. Hardware
a. Computer
i. Intel Core i5-4590/AMD FX 8350 equivalent or better
ii. NVIDIA GeForce GTX 970, AMD Radeon R9 290 equivalent or better
iii. 8 GB RAM or more
b. Leap Motion
i. Sensor 
ii. USB 2/3 Hybrid Cable
c. VR Equipment (Oculus Quest 2)
i. Head-Mounted Display
ii. Left and Right Controllers
iii. USB-C to USB 3.0 cable
2. Software
a. Windows 10 (64-bit)
b. Leap Motion Orion 4.0.0 (or higher)
c. Unity versions 2018.4.x, 2019.4 LTS, or 2020.1
d. Leap Motion Unity modules
e. Oculus Desktop App (required for Oculus Link)
f. Unity Oculus Integration Package
3. Stakeholders / Third Party Personnel
a. Survey respondents
b. Software prototype testers
c. University personnel


[bookmark: _Toc69913453]5. Requirements & Design
The general design of a prototype for use in testing was conceptualised via brainstorming and conducted through discussions with various stakeholders. The scenario for the game that was settled on was Jenga, where features were identified from early discussions and inspiration also came from real Jenga plus existing video games. The result was a set of desirable features for a prototype, which was greatly expanded upon through user stories.
In this project, user stories are outlined to enhance the subsequent process of outlining requirements. Two primary stakeholders were identified – the end user, and the developer. Personas for the end users were outlined:
1. Sally
a. Demographic: 45–50, married, children.
b. Sally is a teacher at a college who works hard to live the best of both home and work worlds. They want to try out trendy games to use as a topic of conversation with their students.
2. Mark
a. Demographic: 18-25, single, no children
b. Mark works at a local computer parts shop to fuel their passions for games and socialising. They would like to try out games using new VR technology.
3. David
a. Demographic: 30-40, married, one child
b. David commutes daily to work an office job for a large company. He wants to play games to share a hobby with his child.
4. Ben
a. Demographic: 18-25, single, no children
Ben is a student game developer who works remotely on developing software for their studies. They would like to try innovative games as inspiration for their own projects.
The user stories can be formulated from these personas, in addition to possible other stakeholders (e.g., the developer stakeholder). Full details of the user stories can be found in Appendix 9.
With the user stories outlined, in addition to an initial set of features outlined through brainstorming and discussion, the initial requirements can be set forth. These are broken down into two key requirement families – functional, and non-functional requirements. Each requirement also has a priority assigned based on the MoSCoW criteria, where “must have” requirements make up the minimum viable product. The product expected at the end of development additionally includes “should haves”.
Given the initial scope with priorities, these requirements were neatly organised into “features”. Each feature contains a set of requirements, and all features are ordered based on requirement priorities and dependencies toward other features. The result is a timeline of features, which are implemented over the course of sprints during development. 
[bookmark: _Toc69913454]5.1. Interim Testing
In this project, there are two key test periods – interim testing, and final testing. The purpose of interim testing is purely to refine the product based on user feedback, with the intent to conduct final testing using a more robust prototype. The purpose of final testing is to gather data that addresses the project aims, whilst also providing further refinement recommendations for potential future development on this project. Both tests, as a prerequisite, require that users agree to participate in all mandatory data collection methods, in addition to familiarising themselves with virtual reality by playing a game before they move on to the app developed for this project. The prerequisite game chosen for this project was “Oculus First Steps” 

































[98].
An interim testing period took place at the end of sprint four and was used in gathering feedback from potential end users to refine the scope further. The result is the final set of requirements (see Appendix 8) necessary in development of a product which has had enough issues ironed out. This allows for a more robust testing medium throughout the final test phase. 
The interim test period asks that users participate in a short session of using the prototype game whilst following instructions by the assessor (see Appendix 1), following up with a questionnaire to evaluate the product (see Appendix 2). As a pre-requisite, interim testing asks that users first play the Oculus First Steps app independent of the PC 

































[98] before playing the Leap Controlled game, yet after the demographics section of the questionnaire so as to not influence results here.
Instructions asked that the user begins by briefly familiarising themselves with the scene around them, then asking them to try out various gesture controls – a palm menu, pushing, and grabbing objects. After that, they were asked to play the game as if it were real Jenga – to keep the tower upright while removing blocks. 
Once the allotted time for using the game was up, participants were asked to fill in the rest of the interim questionnaire. This makes use of the “System Usability Scale” 

































































[84], [99], and “Virtual Reality Sickness Questionnaire” 

















































[100] to evaluate the product. The results of user feedback were used in refining the scope of the project requirements with MoSCoW criteria applied, as seen in the following tables 3-7. 
	Must haves

	ID
	Requirement
	Description

	FR1
	Leap Motion Controller detection
	The Leap Motion Controller detects user movements in the game.

	FR2
	Hand substitution
	Leap Motion Controller input reflects user hands in-game using model hands.

	FR3
	Gesture recognition
	The game recognises the users’ hands detected via the Leap Motion Controller.

	FR4
	Gesture control
	The user interfaces with the game via the Leap Motion Controller by performing various gestures recognised by the system.

	FR5
	VR headset compatible
	The game can be viewed via the head-mounted display in the chosen VR equipment.

	FR6
	VR controller compatibility
	The user can interface with the game via the controllers used by the VR equipment.

	FR7
	Game objects
	The game will include some objects that can be interacted with by the user.

	FR8
	Game objects - pushing
	The user can use their hands to collide with objects and push them.

	FR9
	Gesture feedback
	The game will clearly feedback to the user when a successful gesture input has been made.


[bookmark: _Toc69913508]Table 3 List of must have functional requirements in final scope.
	Should haves

	ID
	Requirement
	Description

	FR10
	Game objects – grabbing
	The user can grab and move objects, given one of their hands has collided with an object while the ‘grab’ command is issued.

	FR11
	Game scenario – objectives
	The user is tasked with completing a series of scenario specific objectives.

	FR12
	Game scenario – completion
	The user may conclude a session by accomplishing each objective set out by the scenario.

	FR13
	User performance – time
	The game will query time taken to accomplish objectives.

	FR14
	User performance – success rate
	The game will query the rate of objective completion.

	FR15
	User performance – error rate
	The game will query the rate at which users perform slips and mistakes that do not contribute towards an objective.

	FR16
	User menu
	The user has access to a menu, containing member functions the user may initiate.

	FR17
	User menu – close application
	The user may be able to close the application via an exit function in the menu.

	FR18
	Gestural error prevention – timed confirmation
	The window between a user making gesture input and the system recognising this should be adjustable by the user via the user menu.

	FR19
	Gestural error prevention – defaults
	In the event of gestures being interfered with, clashing, or unresponsive, the gesture system will enter a default state which does not impact the game experience.

	FR20
	User menu
	The menu can be opened by the user via an easily accessible gesture input.

	FR21
	Jenga Scenario – Rotating Tower
	The user has the ability to rotate the jenga tower.

	FR22
	Jenga Scenario – Orbiting Tower
	The user has the ability to orbit around the jenga tower.


[bookmark: _Toc69913509]Table 4 List of should have functional requirements in final scope.

	Could haves

	ID
	Requirement
	Description

	FR23
	Multiple scenarios
	More than one possible game scenario is available to the user.

	FR24
	User menu – scenario select
	The user can choose a scenario to play via the menu.

	FR25
	Gestural error prevention – clashes
	If the system recognises multiple input types simultaneously, the clash must be resolved.

	FR26
	Gestural error prevention – lack of feedback
	If the Leap Motion Controller fails to detect the users’ hands, the system must recognise this and halt the user interface until feedback is identified.


[bookmark: _Toc69913510]Table 5 List of could have functional requirements in final scope.

	Won’t haves

	ID
	Requirement
	Description

	FR27
	Jenga Scenario – Block Feedback
	When acted upon by the user, jenga blocks will shift to different colours to reflect their new state.

	FR27
	Gestural error prevention – interference
	The system will account for real world Leap Motion Controller interference that has an impact on recognising user input.

	FR28
	Jenga Scenario – Movement Multiplier
	The user can set a scaling factor which amplifies or tones down real world position translations to the game.

	FR29
	Jenga Scenario – Raycast Movement
	The user can point to where they want to move in the scene.


[bookmark: _Toc68969078][bookmark: _Toc69913511]Table 6 List of won't have functional requirements in final scope.

	Must haves

	ID
	Requirement
	Description

	NFR1
	Game performance
	The game operates at high Frames per Second

	NFR2
	Gesture usability
	The gestures included in the game are comfy and easy to use.

	NFR3
	Gesture appropriateness
	Gestures are context sensitive and not inappropriate, derogatory, or otherwise offensive.

	NFR4
	Gesture feedback
	Feedback from user gestures is immediate.

	NFR5
	Game adaptability
	The game is built to be adaptable towards either gesture or controller-based interfaces.

	Should Haves

	NFR6
	Game loading times
	The game loads quickly.

	NFR7
	Game aesthetic consistency
	The game uses a consistent aesthetic style.

	NFR8
	Interface usability
	User interfaces are non-complex and easy to navigate.

	NFR9
	Interface flow
	User interfaces are easily accessible and easy to transition between.

	NFR10
	Jenga Scenario – Refined Physics
	The jenga block physics act in a way that is expected and accurate to real life interactions.

	Could haves

	NFR11
	Intuitive scenario
	The game is simple and self-explanatory.

	NFR12
	Game audio style
	The game is aurally pleasing to hear.

	NFR13
	Game aesthetic style
	The game is aesthetically pleasing to look at.

	NFR14
	Game scenario engagement
	The game scenario is engaging and fun to play.


[bookmark: _Toc68969079][bookmark: _Toc69913512]Table 7 Final list of non-functional requirements for the expected product

[bookmark: _Toc69913455]5.2. Final Testing
Prior to the final test phase, formative testing of the system was conducted to identify potential refinements to the methods of data collection. A focus group was asked to partake in brief tests of the product under user observations, and immediately following this they were asked to fulfil a draft questionnaire. Following this, informal interviews took place to identify issues with both the test instructions and questionnaire. The results of this were a refined test instruction set and questionnaire, as seen in Appendices 4 and 5, respectively. 
Much like interim testing, final testing also had users play the Oculus First Steps app independent of the PC 

































[98], then moving to stand alongside the PC running the app via Oculus Link and playing the prototype. The final test is split up into five parts:
1. Questionnaire – Demographics
a. Users begin testing by answering section one “demographics” for the questionnaire.
2. Gameplay – Gesture Controls
a. Users play the game using the Leap Motion Controller and become familiar with the gesture controls in the product.
3. Questionnaire – Gesture Controls
a. After having played the game with gesture controls, users then proceed to answer section two “User Experience – Gesture Controls” in the questionnaire.
4. Gameplay – Oculus Controls
a. Users play the game using the Oculus Touch controllers and become familiar with the how they were integrated into the product.
5. Questionnaire – Oculus Controls
a. The user then answers section three on the user experience section regarding Oculus controls.
6. (Optional) Questionnaire – Product Evaluation
a. The user is provided an opportunity to complete the remaining optional sections in the questionnaire regarding the product and any potential refinements that could be made.
Gameplay testing begins by briefly letting the user familiarise themselves with the scene around them, followed by an instruction on how to use the control system assigned to them. Upon finishing the tutorial for their currently assigned controls, users were twice asked to interact with the game for a brief period using exclusively one action at a time – first pushing, then grabbing. To finish, users get to play Jenga as you normally would for a few minutes. The intent was to let users get the hang of how controls work so that following gameplay they can immediately provide their raw thoughts on the matter in the questionnaire.
The final test questionnaire contains the same components as the interim test questionnaire – i.e., the VRSQ and (both Leap and Oculus) SUS components. However, these are used to evaluate the product and draw links to results from two new sections – the Leap UX evaluation, and Oculus UX evaluation sections, both of contain their own UEQ-S 














































[101] and NASA-TLX 







































[48] components for analysing the user experience for each device.


[bookmark: _Toc69913456]6. Development
The development lifecycle was split up into two key phases – pre interim testing, and post interim testing. A total of four sprints (two weeks per sprint) and a primary goal of constructing the Minimum Viable Product before the conclusion of the pre-test phase were targeted. Post testing was allocated a further sprint for refinements to the prototype, where new requirements were identified through the user tests to iron out and identify outstanding issues with the product.

[bookmark: _Toc69913457]6.1. Pre-Interim Testing
The Minimum Viable Product encompasses four key features – gesture controls, equipment compatibility, scenario construction, and usability refinements. Given the high priority assigned to the equipment compatibility features, this was tackled first, specifically Oculus integration as this was essential for debugging purposes. 
Due to hardware and financial constraints, an Oculus Quest 2 was chosen as the platform for development, however a key issue with this device is the lack of USB-3 ports to connect a Leap Motion Controller. It was identified through research that the Quest 2 supports running Oculus Rift applications through a PC via “Oculus Link” 


























[102]. This enabled two key features:
1. Unity debugging takes place over Oculus Link, streamlining testing and development of new features.
2. The Leap Motion Controller can be utilised over Oculus Link. An Oculus Rift application run on the PC can utilise the Leap Controller, which is then run over Link to the Quest 2.
Once it was identified that the target device was an Oculus Rift where applications are run on a desktop, the development environment needed to be configured in such a way that the headset comfortably runs the Unity project. An official Oculus Integration Package for development in Unity 
































[103], in addition to a development environment framework 


























[104], were identified and integrated to fully establish Oculus compatibility.
Research into the Leap Motion Controller showed that, for Unity developers, there existed several useful packages developed by Ultraleap which support virtual reality specific applications. These packages, named “modules” 


































[105], are easily imported into the project. As per the Leap Motion Developer page 


























[106], a development environment can be configured to accommodate both the Oculus Rift and Leap Motion Controller.
Various resources used in the Unity game implementation were obtained from the Unity Asset Store. This includes the following:
· "15 Original Wood Texture" by NevLext 

































[107].
· "SciFi UI Sound FX" by Bright Shining Star 


































[108].
· "UI Sound Effects Collection Pack 2: Buttons" by Nectar Sonic Lab. 


































[109].
· "Standard Assets (for Unity 2018.4)" by Unity Technologies 


































[110].
· "Too Many Items: Living Room Props" by Q! DEV 


































[111].
For the scenario, during sprint one, Jenga block objects were established by constructing simple cuboid meshes with colliders and rigidbodies attached. Furthermore, each block contains a custom Interaction Manager script provided by the Interaction Manager module 
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[bookmark: _Toc69913496]Figure 33 Screenshot of the Jenga tower implemented.
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[bookmark: _Toc69913497]Figure 35 Screenshot of a block utilising an Interaction script, provided by Ultraleap 
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[bookmark: _Toc69913498]Figure 34 Screenshot of an individual block's properties.
Following the full integration of a Leap Motion Controller into the project and setting up the scene for interactions, the next step was to integrate the framework for a gesture control system. The initial requirements called for the ability to push objects in the Minimum Viable Product (see Appendix 4). Upon initial usage of the imported modules, it was found that physics interactions between the users’ hands detected in-game, and other game objects, had multiple issues:
1. Accuracy of interactions. Using a mesh collider for the hand to garner accurate representations of real-world interactions would trade off computational power. Primitive colliders would not be sufficiently accurate.
2. Interaction delays. The game engine frequently takes too long to process that a collision has taken place, effectively ruining user interactions.
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[bookmark: _Toc69913499]Figure 33 Screenshot of convex collider on Leap hands used in the interim viva.
Through further investigation as to a potential solution, findings yielded a system created by Ultraleap specifically for these situations – the “Interaction Engine”. By making use of this custom-built solution for physics interactions, the previously mentioned issues are resolved, enabling full object pushing capabilities. Furthermore, the ability to swap between Leap Motion controlled hands, and in-game Oculus controllers, was available. By the end of the second sprint, all the relevant technology was integrated, and a framework for gesture interactions was established.
At this point the Minimum Viable Product was almost ready. However, one of the key requirements for the application – which can be generalised to almost all virtual reality applications – was the operation at high frames per second, ideally 90 FPS. This is to alleviate simulator sickness’ influence on final test results, and as such, additional research was conducted to identify virtual reality optimisation techniques 



















































































































































































[112–116]. During the third sprint, a tutorial by Unity was identified which specifically targets optimisation techniques for virtual reality apps, where feasible recommendations were integrated 


































[117].
During the third sprint, the requirement of immediate feedback upon gesture interactions was tackled. Given the nature of the application, aural and visual feedback presented themselves as the only viable channels for providing said feedback, considering the other options are touch (limited to controllers), taste and smell. One method of visual feedback identified was a “wrist halo” – similar to glow bands you can find at concerts, they follow the wrists of the users’ hands, and as such they are constantly within field of view. Strong, pronounced colours were selected as the indicators of current user input – inspiration for this feature came from the study done by Vosinakis and Koutsabasis 











































[51], which highlighted appropriate methods of integrating feedback systems into bare handed controls.
[image: ]
[bookmark: _Toc69913500]Figure 34 Red halo indicates no interactable objects nearby.
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[bookmark: _Toc69913501]Figure 35 Green halo indicates interactable objects nearby.
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[bookmark: _Toc69913502]Figure 36 Blue indicator means that the user has successfully grabbed an object.
The time it takes for the colours to shift is quick – approximately one fifth of a second. The halo system was designed to be persistent, responsive, and meaningful, so that the user is fully aware how they are interacting. This was all simple to implement using Unity’s particle system, where the particle system shape, particle colour, rate of emission, and rate of decay can be fine-tuned to meet the needs of the above features. The ability to modify the colour settings for wrist halos from red / green / blue to a colour-blind friendly setting is a key recommendation for future development.
The integration of Oculus Touch controllers took place during sprint four and was accomplished by researching appropriate methods of control mapping. A manual created by Unity Technologies 

































[118] outlines the relevant control mapping variables for XR input, so that the implementation can accommodate both the Leap Motion Controller and Oculus Touch controllers. Establishing the correct mapping yielded the following results:
[image: ]
[bookmark: _Toc69913503]Figure 34 Oculus Touch controller mapping using the Input Manager in Unity
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[bookmark: _Toc69913504]Figure 35 Example of the Oculus Touch controllers grabbing objects.
Whilst the Oculus controller integration was taking place, interim testing was also being conducted, where the test instruction set, questionnaire, and responses to said questionnaire are included in Appendices 1, 2, and 3, respectively.

[bookmark: _Toc69913458]6.2. Post-Interim Testing
The interim testing period served to identify outstanding issues with the design of the prototype and aid in refining the scope for a final product. One such result of the testing was the identification of the ability to look around the Jenga block tower and tackle it from multiple angles. Various approaches to this problem were identified:
· Let the user move around the scene. Methods of doing this include:
· Point at location to move. This would involve identifying a new gesture altogether and implementing a raycasting solution.
· Providing adjustable movement speed multipliers. The camera already moves with the user, however not by much, so the user would be able to scale up this movement.
· Rotate the tower. Methods of approaching this:
· Allow the user to orbit the tower.
· Make the tower rotate on the spot.
Given scope constraints, the optimal solution would be to rotate the tower, as it is simpler to implement. This was tackled by creating a slider within the palm menu which the user can move to rotate the tower. The first method of allowing the user to orbit presents concerns regarding motion sickness, so the second method was chosen for the implementation.
[image: ]
[bookmark: _Toc69913505]Figure 35 Example of the slider being used to rotate the tower.
The slider was successfully implemented into the menu for both controller systems in response to concerns raised regarding navigation.
Another point raised during interim testing was that jenga blocks felt too sensitive to interact with. Through investigation into the Interaction Engine provided by Ultraleap, it was identified that the size of objects being acted upon in game correlates to responsiveness to interactions. The smaller the size, the greater the room for error. As a result, the number of blocks included in the tower was culled so that the overall size per block could be raised 30%. Development testing showed that the responsiveness increased dramatically with this increase in size.


[bookmark: _Toc69913459]7. Results & Discussions
Final testing concluded with 3 test participants answering all required questions within the questionnaire, in addition to optional responses. The test instruction set (discussed in sections 5.1 and 5.2), final questionnaire, and raw data for responses can be found in Appendices 5, 6, 7, respectively. Data put through statistical analysis can be found in Appendix 12. With regards to the UEQ-S for both control systems, each rating on the Likert Scale corresponds to a weighting (where highly disagree = 1, highly agree = 7) in which the user agrees or disagrees with a statement. The purpose of this test is to assess the user experience within the same scenario under two different control systems. Results yielded the following:
1. Users found gesture controls slightly less obstructive (mean = 2) versus Oculus controls (mean = 2.33). This is likely due to a lack of controllers being used, allowing greater perceived freedom of interaction. One test participant noted that gesture controls made you feel “more in control” of the system, suggesting a greater degree of involvement with the system due to gestural controls being a natural user interface.
2. Oculus controls were less complex (mean = 1.33) versus gesture controls (mean = 2). This suggests that the less conventional and more interpretative interactions of a gesture system have a greater learning curve compared to conventional button and trigger presses.
3. Oculus controls took less effort to use (mean = 2) versus gesture controls (mean = 2.33). This is potentially resulting from a greater familiarity with Oculus controls, as all test participants had played virtual reality games before.
4. Gesture controls were as clear to use (mean = 1.33) as Oculus controls (mean = 1.33). This suggests gesture controls were as simple to understand as Oculus controls given the nature of the implementation – although this may be subject to variation among different settings.
5. Gesture controls were more exciting to use (mean = 1.33) versus Oculus controls (mean = 1.66). This is likely a result of the novel application for gesture control in a Jenga game, potentially enhancing the user experience with gesture interactions.
6. Oculus controls were more interesting (mean = 1.33) versus gesture controls (mean = 1.66).
7. Gesture controls were perceived as more innovative (mean = 2) versus Oculus controls (mean = 3.33). Results for Oculus presented a high deviation (), potentially as a result of participants already familiar with virtual reality feeling that controllers are conventional in this field.
8. Gesture controls were perceived as making better use of leading-edge techniques and tools (mean = 1.66) versus Oculus controls (mean = 2.66). One participant noted that the combination of gestural controls in virtual reality is a very novel application.
For the NASA-TLX questions, the range of possible values in these ratings are between one and ten. The purpose of this test is to evaluate which control method imposes lesser workload on the user, as this is an indicator of a more positive, operator friendly design, thus bolstering the user experience. Results are as follows:
1. The mental demand of gesture controls (mean = 3.67) is slightly higher versus Oculus controls (mean = 3.33). This suggests an increase in concentration required of gestural interactions.
2. The physical demand is equally similar across both gestural (mean = 4) and Oculus (mean = 4) control systems. This suggests that even though gestural interactions necessitate more body involvement, the degree of demand is roughly equivalent to the need of holding a pair of controllers, although the results showed higher deviation for Oculus controls (), thus this deduction is less reliable.
3. The overall effort required of gesture controls (mean = 5.33) is noticeably higher versus Oculus controls (mean = 4). 
4. The temporal demand is greater in gestural controls (mean = 5.33) versus Oculus controls (mean = 4). This suggests that users felt more comfortable with the rate of task accomplishment when using Oculus controls, potentially due to existing familiarity with the system among participants. Of note, however, is one participant described a disparity between the size of the gestural hands in-game, and the size of their real hands, potentially hindering their ability to accomplish tasks at a suitable rate.
5. The overall performance of users was slightly better in gesture controls (mean = 4) versus Oculus controls (mean = 4.33). Smaller values equal better performance. This suggests that users found it slightly easier to accomplish tasks using gesture controls. However, the deviation in results for Oculus () makes this deduction less reliable, likely resulting from a lack in refinement for Oculus controls.
6. The frustration levels of users were worse in gesture controls (mean = 5.67) versus Oculus controls (mean = 7). Smaller values equal greater frustration. This is possibly due to the increase in effort and temporal demand. Furthermore, it was noted that one participant described the hands in game as “too small” compared to their own, in addition to a lack of “responsiveness” by the gesture interaction system (e.g., fast, reactive actions do not register very well as the system struggles to keep up with tracking).
To summarise; gesture controls described increases in mental demand, temporal demand, overall effort, and a resultant worse frustration level. They were also less obstructive and slightly more exciting to use, in addition to being perceived as more innovative and leading-edge. It was evident that the complexity of gestural controls necessitates strong familiarity with the system to use effectively, although they were perceived as less obstructive, suggesting that gestural controls are a natural fit for some applications.
Oculus controls described a slightly worse degree of success in accomplishing tasks. They were less complex and took less effort, in addition to being slightly more interesting to use in the product. Contrasted with results for Leap Motion Controller, this suggests the simplicity of Oculus controllers allows for an easier time getting used to the system and exerting less effort operating the game.
It was noted that none of the participants experienced any symptoms of simulator sickness using the application, which is a positive indication that this had no influence on results, however the number of test participants (n = 3) proves too small to make a fully reliable judgement on this matter. However, this does suggest that the game and interface design was constrained to only impose on users what is expected of virtual reality and no additional stress.


[bookmark: _Toc69913460]8. Conclusions and Recommendations
Initially, this project set out with three objectives:
1. To design and develop a robust Leap Motion controlled virtual reality game, 
2. To investigate and implement a robust gesture control framework,
3. To critically evaluate the capabilities of a Leap Motion Controller as an alternative virtual reality game mode of control.
Objective one, the design and development of a virtual reality and Leap Motion Controller compatible game, was achieved by developing with the Unity game engine and making use of tried and tested frameworks in development for a smooth gameplay experience when using the Leap Motion Controller or Oculus Touch controllers in a virtual reality environment 










































[104], [106]. Agile development methodologies allowed for a refined product for which objective three made use of.
Unfortunately, objective two – constructing a robust gesture control framework using the Leap Motion Controller - was not achieved. Time constraints and project scope changes necessitated focus on achieving objective one first and foremost, as objective three is dependent on a refined prototype. Whilst this was prioritised the least, it is a solid area for further development and will aid in solidifying the foundations for a positive user experience using gesture controls.
Objective three, the critical evaluation of a user experience within gestural and controller-based methods, was conducted through user testing against the refined prototype achieved with objective one, using methods discussed in section five. Statistical analysis of user test results using descriptive statistics allowed for comparisons of data for a robust conclusion, however the sample size (n = 3) is too small for definitive conclusions, it is still appropriate for making deductions that can be supported by potential other studies.
The aim of this project was to understand what impacts a Leap Motion Controller has on the user experience within virtual reality games versus conventional control methods. With the accomplishment of objectives one and three, user tests took place which aided in conducting a critical evaluation of the user experience. Gestural controls proved to exert greater strain on the users’ cognitive load and necessitates more effort, 
With this, the core aim of the project has been achieved, however there is great room for improvement within both the method and implementation. 
One article Identified via the literature review done by Tanjung et al. suggests virtual reality controllers serves as a stronger mode of interaction with a virtual environment 























































[60], which results from this study support given more positive results for temporal demand and effort from conventional virtual reality controllers. 
A study with the goal of evaluating the Leap Motion Controller with another virtual reality controller, the Vive Controller, was conducted by Caggianese et al. [103]. Their findings support the results of this project – such as the increased task time completion and perceived difficulty using Leap Controllers, which links back to this projects’ results for higher temporal and mental demand, in addition to effort exerted by users using a Leap Motion Controller. These factors have great potential to slow down the user in practice.
Due to several factors impeding the scope in development, in addition to recently identified potential refinements that could be made, key recommendations for future work on this project include the following:
· Recently, Ultraleap has released a new SDK into their developer preview program – the “Gemini” update 
























































[119], [120]. This builds upon the Orion SDK, of which was the runtime used in this project. The new Gemini update improves overall quality of hand tracking and would likely have improved overall reception for the Leap Motion Controller used in this project and is worth investigation.
· The Jenga scenario developed has the potential for bias towards one control method. Additional scenarios for use in testing would greatly improve deductions made in the data gathered.
· Further development on the systems currently implemented for the Jenga scenario would greatly alleviate potential external factors in data gathered. For example, a more refined menu system for Oculus controllers, and the ability to adjust the scale of user hands and controllers in-game at will were noted during testing.
· Due to the current circumstances regarding COVID, only immediate family members of the author could participate in both testing phases, and as a result the sample size is incredibly limited. A larger pool of test subjects would greatly enhance deductions made from data.
· To further evaluate the capabilities of a Leap Motion Controller, tests conducted using additional modes of controlling virtual reality games would contribute to the aims of this project – as this study contrasted with conventional control systems (i.e., handheld controllers), identifying variations among direct competitors is worth looking into. For example, the Oculus Quest 2 has its own gesture interaction system, which would prove a strong comparison to the Leap Motion Controller. However, in this project, the decision for utilising the Quest 2 specifically was due to constraints on procuring the appropriate equipment. As such, investigation into an implementation using the gesture control system was out of scope.


[bookmark: _Toc69913461]9. Reflection
Over the course of this project, I have developed my knowledge and experience with a wide variety of fields. The primary focus of this project was on evaluating the Leap Motion Controller inside a virtual reality application, and as such, I have developed a strong understanding of the tools and techniques for integrating these systems into a virtual reality application. The development process for the testing application had drawn upon my skills developed over the course of many programming modules, more specifically the Application Development module which introduces Unity and programming design patterns in C# scripting.
Writing the final report was also a challenge. Having been introduced to a variety of research and development methodologies in a second-year module, the documentation side of the project has fully taken advantage of the knowledge acquired from it and has pushed me to further investigate and refine my knowledge of said methodologies. Furthermore, my approach to how I conduct research and development has been steadily refined over the course of this project, particularly in agile methodologies and documentation for relevant project resources.
I particularly enjoyed developing alongside virtual reality and gesture recognition controls, as these systems break the norm for what is considered conventional in the video games of today. Furthermore, I also enjoyed brainstorming solutions to challenges in development, particularly when it came to identifying new approaches to physics interactions. On the contrary, while nothing particularly stands out as something I dislike about the project, it was particularly difficult for me to settle on an approach to this project in which I was happy with, for example, the data collected in testing.
Overall, I feel that the experience of the project was positive. I have learned a lot about how to tackle new and exciting areas of interest, particularly within video game development. The discipline and experience acquired from rigorous documentation and agile development methodologies I feel will be particularly useful in a future career with game development and will likely see more pronounced effects in a team-oriented setting. I have also become proficient in working with technology that is at the core of an emerging trend within the games industry, where novel and immersive technology is constantly pioneered to new extents.
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Appendix

Appendix 1 – Interim Test Instruction Set
The Capabilities of a Leap Motion Controlled VR Game – Test Instructions

Prerequisites
Before the user engages in tests with the product, the following criteria must be satisfied:
1. The user has agreed to participating in one or more data collection methodologies.
2. The Oculus head mounted display must be comfortably equipped to the user.
3. The user has familiarised themselves with the equipment beforehand by playing the “First Steps” Oculus app.
4. The user is in good condition to conduct testing.
a. Following usage of the “First Steps” app, if any symptoms of Simulator Sickness appear, the user will be asked to stop with the test.

Instructions
The user must follow through with the steps listed below from start to finish:
1. Open Ended Task: Please spend 30 seconds familiarising yourself with the scene around you.
2. Open Ended Task: Please spend 1 minute familiarising yourself with the gesture controls.
a. Facing your left palm towards you will open a floating menu beside your hand. Face your palm away to close the menu.
i. You can restart or close the game any time by pressing the corresponding buttons in the palm menu.
ii. If you do not wish to continue with the test, close the game and skip to the post-testing phase.
b. You can press buttons by poking them with your right-hand thumb, index, and middle fingers.
c. Pinching an object will pick it up. Releasing your pinch will drop it.
3. Specific Task: Please spend 30 seconds pushing jenga blocks from out of the tower by poking them.
4. Specific Task: Please spend 30 seconds grabbing jenga blocks from the tower by pinching them.
5. Open Ended Task: Please spend 2-3 minutes playing the game. The objective is to keep the tower upright while removing blocks from any layer below the top layer.
6. Specific Task: When you are ready, please close the game.

Post-Testing
Once the instruction set is complete, the following criteria must be satisfied:
1. The user has removed all equipment used in testing.
2. The user has selected the methods of data collection they wish to participate in.


Appendix 2 – Interim Test Questionnaire
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The Capabilities of a Leap Motion 
Controlled VR Game – Post Test Questionnaire
My name is Ben Kiddie, and I am conducting user tests for my university independent project. The purpose of this questionnaire is to analyse the overall user experience when utilising the Leap Motion Controller in a VR game, in addition to identifying areas of the game which require refinements of design. 
Your responses will be confidential, and only I will be able to see them. 
Your participation in this questionnaire is optional. If you do not wish to participate, please disregard this form.
* Required
Demographics
This section provides background to the user and helps with identifying trends in issues or usage patterns.
1
What is your gender?
Woman
Man
Non-binary
Prefer not to say
Other

2
What is your age?
< 15 years
15 - 30 years
31 - 45 years
46 - 60 years
> 60 years
Prefer not to say
3
Have you played video games before? * 
Yes
No
4
Have you played a virtual reality game or games with gesture recognition controls in the past? * 
I have played a VR game with gesture controls
I have only played VR games
I have only played gesture controlled games
No, I have not played a VR or gesture controlled game
5
Do you suffer from motion sickness, e.g., while travelling in a car or on boats? * 
Often
Sometimes
Rarely
Never
Prefer not to say
	Virtual Reality	[image: ]
This section aims to highlight issues with the implementation of the game in a VR context. The following questions will relate to your experience with wellbeing and immersion over the course of the test.
6
The below statements relate to your wellbeing in using a virtual reality headset during testing. Please assess them and tick any that you may have experienced at any point throughout testing.
Note: "vertigo" - a sensation of whirling and loss of balance, associated particularly with looking down from a great height, or caused by disease affecting the inner ear or the vestibular nerve; giddiness.
I felt general discomfort.
I felt fatigued.
My eyes were strained.
I had difficulty focusing.
I felt a 'fullness' in my head.
My vision was blurred.
I felt dizzy after I closed my eyes.
I felt symptoms of vertigo.
7
Which control system did you use during testing? * 
Gesture controls (the Leap Motion Controller)
Oculus controllers

	User Controls (Gestural)	[image: ]
This section aims to evaluate the usability of gesture controls, i.e., the experience when using the Leap Motion Controller to interact with the game. 
Note - Gesture controls extend to the following abilities: 
· Pushing objects with your hand and fingers. 
· Grabbing objects by pinching them. 
· Dropping objects by releasing them from a pinch. 
· Navigating the game using hand controlled menus.

8
The below statements relate to your experience with using gesture controls in the game. For each of the below statements, please select a rating that you best identify with. If you are unsure of how you feel about a particular statement, please select "neutral" for the rating. * 
	Strongly
	
	
	
	

	Disagree
	Disagree
	Neutral
	Agree
	Strongly agree


I think that I would like to use this system					frequently.
I found the system unnecessarily complex.
I thought the system was easy to use.
I think that I would need the support of a technical person to be able to use this system.
I found the various functions in this system					were well integrated.
I thought there was too much inconsistency in					this system.
I would imagine most people would learn to use this system very quickly.
I found the system very cumbersome to use.
I felt very confident using the system.
I needed to learn a lot of things before I could get going with this system.
9


Please rate the gesture controls based on your experience during testing: * 
Strongly
	Disliked	Disliked	Neutral	Liked	Strongly Liked
Push
Pinch / Grab
Drop
Palm menu
10
If you have any outstanding thoughts on a gesture control, please leave them here:
	 


	User Controls (Controller)	[image: ]
This section aims to evaluate the usability of handheld controllers when interacting with the game.

Gameplay
This section will be used to identify potential areas where the game can improve, e.g., how the user interacts with game objects.

Final Thoughts
This section is purely to round off the survey and accept additional thoughts from the user.
11
If there are any additional thoughts on the prototype or method of testing, please let me know below:
	 



This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.
[image: ] Microsoft Forms


Appendix 3 – Interim Test Results
	ID
	1
	2

	Start time
	3/23/21 11:53:45
	3/26/21 11:04:07

	Completion time
	3/24/21 7:24:27
	3/26/21 11:13:58

	Email
	anonymous
	anonymous

	Name
	
	

	What is your gender?
	Woman
	Man

	What is your age?
	46 - 60 years
	46 - 60 years

	Have you played video games before?
	Yes
	Yes

	Have you played a virtual reality game or games with gesture recognition controls in the past?
	No, I have not played a VR or gesture controlled game
	No, I have not played a VR or gesture controlled game

	Do you suffer from motion sickness, e.g., while travelling in a car or on boats?
	Rarely
	Rarely

	The below statements relate to your wellbeing in using a virtual reality headset during testing. Please assess them and tick any that you may have experienced at any point throughout testing.

	Which control system did you use during testing?
	Gesture controls (the Leap Motion Controller)
	Gesture controls (the Leap Motion Controller)

	I think that I would like to use this system frequently.
	Agree
	Agree

	I found the system unnecessarily complex.
	Disagree
	Strongly Disagree

	I thought the system was easy to use.
	Agree
	Strongly agree

	I think that I would need the support of a technical person to be able to use this system.
	Neutral
	Neutral

	I found the various functions in this system were well integrated.
	Agree
	Agree

	I thought there was too much inconsistency in this system.
	Disagree
	Neutral

	I would imagine most people would learn to use this system very quickly.
	Agree
	Strongly agree

	I found the system very cumbersome to use.
	Disagree
	Strongly Disagree

	I felt very confident using the system.
	Neutral
	Strongly agree

	I needed to learn a lot of things before I could get going with this system.
	Disagree
	Disagree

	Push
	Liked
	Strongly Liked

	Pinch / Grab
	Liked
	Disliked

	Drop
	Liked
	Strongly Liked

	Palm menu
	Liked
	Liked

	If you have any outstanding thoughts on a gesture control, please leave them here:
	Possibly over sensitive 
	The gesture controls were generally easy to use and intuitive, but sometimes a little too sensitive and at other times a little too cumbersome.

	If there are any additional thoughts on the prototype or method of testing, please let me know below:
	Particularly enjoyed punching the blocks down. Overall I enjoyed the experience as it was my first time. However, I did struggle with the sensitivity of moving the blocks, but this could be due to the fact of getting use to the system. It was very easy to reset the block.
	The prototype was great. I really liked the idea of undertaking a virtual version of Jenga and it would be great to think that other players could play along too. Removing the blocks was difficult as the gesture controls were quite sensitive, but if it were easier to do this I could imagine that the game would work really well.


Appendix 4 – Initial Requirements Specification
The Capabilities of a Leap Motion Controlled VR Game – Requirements Specification

Functional Requirements
MUST HAVE
	ID
	Requirement
	Description

	FR1
	Leap Motion Controller detection
	The Leap Motion Controller detects user movements in the game.

	FR2
	Hand substitution
	Leap Motion Controller input reflects user hands in-game using model hands.

	FR3
	Gesture recognition
	The game recognises the users’ hands detected via the Leap Motion Controller.

	FR4
	Gesture control
	The user interfaces with the game via the Leap Motion Controller by performing various gestures recognised by the system.

	FR5
	VR headset compatible
	The game can be viewed via the head-mounted display in the chosen VR equipment.

	FR6
	VR controller compatibility
	The user can interface with the game via the controllers used by the VR equipment.

	FR7
	Game objects
	The game will include some objects that can be interacted with by the user.

	FR8
	Game objects - pushing
	The user can use their hands to collide with objects and push them.

	FR9
	Gesture feedback
	The game will clearly feedback to the user when a successful gesture input has been made.



SHOULD HAVE
	FR10
	Game objects – grabbing
	The user can grab and move objects, given one of their hands has collided with an object while the ‘grab’ command is issued.

	FR11
	Game scenario – objectives
	The user is tasked with completing a series of scenario specific objectives.

	FR12
	Game scenario – completion
	The user may conclude a session by accomplishing each objective set out by the scenario.

	FR13
	User performance – time
	The game will query time taken to accomplish objectives.

	FR14
	User performance – success rate
	The game will query the rate of objective completion.

	FR15
	User performance – error rate
	The game will query the rate at which users perform slips and mistakes that do not contribute towards an objective.

	FR16
	User menu
	The user has access to a menu, containing member functions the user may initiate.

	FR17
	User menu – close application
	The user may be able to close the application via an exit function in the menu.

	FR18
	Gestural error prevention – timed confirmation
	The window between a user making gesture input and the system recognising this should be adjustable by the user via the user menu.

	FR19
	Gestural error prevention – defaults
	In the event of gestures being interfered with, clashing, or unresponsive, the gesture system will enter a default state which does not impact the game experience.

	FR20
	User menu
	The menu can be opened by the user via an easily accessible gesture input.



COULD HAVE
	FR21
	Multiple scenarios
	More than one possible game scenario is available to the user.

	FR22
	User menu – scenario select
	The user can choose a scenario to play via the menu.

	FR23
	Gestural error prevention – clashes
	If the system recognises multiple input types simultaneously, the clash must be resolved.

	FR24
	Gestural error prevention – lack of feedback
	If the Leap Motion Controller fails to detect the users’ hands, the system must recognise this and halt the user interface until feedback is identified.



WON’T HAVE
	FR25
	Gestural error prevention – interference
	The system will account for real world Leap Motion Controller interference that has an impact on recognising user input.





Non-Functional Requirements
MUST HAVE
	NFR1
	Game performance
	The game operates at high Frames per Second

	NFR2
	Gesture usability
	The gestures included in the game are comfy and easy to use.

	NFR3
	Gesture appropriateness
	Gestures are context sensitive and not inappropriate, derogatory, or otherwise offensive.

	NFR4
	Gesture feedback
	Feedback from user gestures is immediate.

	NFR5
	Game adaptability
	The game is built to be adaptable towards either gesture or controller-based interfaces.



SHOULD HAVE
	NFR6
	Game loading times
	The game loads quickly.

	NFR7
	Game aesthetic consistency
	The game uses a consistent aesthetic style.

	NFR8
	Interface usability
	User interfaces are non-complex and easy to navigate.

	NFR9
	Interface flow
	User interfaces are easily accessible and easy to transition between.



COULD HAVE 
	NFR10
	Intuitive scenario
	The game is simple and self-explanatory.

	NFR11
	Game audio style
	The game is aurally pleasing to hear.

	NFR12
	Game aesthetic style
	The game is aesthetically pleasing to look at.

	NFR13
	Game scenario engagement
	The game scenario is engaging and fun to play.



WON’T HAVE 

Minimum Viable Product
	ID
	Requirement
	Description

	FR1
	Leap Motion Controller compatibility
	The Leap Motion Controller can detect and use input from the user.

	FR2
	Hand substitution
	Leap Motion Controller input reflects user hands in-game using model hands.

	FR3
	Gesture recognition
	The game recognises the users’ hands detected via the Leap Motion Controller.

	FR4
	Gesture control
	The user interfaces with the game via the Leap Motion Controller by performing various gestures recognised by the system.

	FR5
	VR headset compatible
	The game can be viewed via the head-mounted display in the chosen VR equipment.

	FR6
	VR controller compatibility
	The user can interface with the game via the controllers used by the VR equipment.

	FR7
	Game objects
	The game will include objects that can be interacted with by the user.

	FR8
	Game objects - pushing
	The user can use their hands to collide with objects and push them.

	FR9
	Gesture feedback
	The game will clearly feedback to the user when a successful gesture input has been made.

	NFR1
	Game performance
	The game operates at high Frames per Second

	NFR2
	Gesture usability
	The gestures included in the game are comfy and easy to use.

	NFR3
	Gesture appropriateness
	Gestures are context sensitive and not inappropriate, derogatory, or otherwise offensive.

	NFR4
	Gesture feedback
	Feedback from user gestures is immediate.

	NFR5
	Game adaptability
	The game is built to be adaptable towards either gesture or controller-based interfaces.





Appendix 5 – Final Test Instruction Set
The Capabilities of a Leap Motion Controlled VR Game – Instruction Set (Final Testing Phase)

Prerequisites
Before the user engages in tests with the product, the following criteria must be satisfied:
· The user has agreed to participating in one or more data collection methodologies.
· The Oculus head mounted display must be comfortably equipped to the user before each test is conducted.
· The user has familiarised themselves with the equipment beforehand by playing the “First Steps” Oculus app.
· The user is in good condition to conduct testing.
· Following usage of the “First Steps” app, if any symptoms of Simulator Sickness appear, the user will be asked to stop with the test.
· The user has access to a device in which they can fill in the questionnaire.

Instructions
The user must follow through with the steps listed below from start to finish:
Part 1: Questionnaire, Section 1; Demographics
a. Please answer section one of the questionnaire.
b. It is estimated that this will take about 2-3 minutes to complete.
c. When you have completed section one, please equip the virtual reality headset, and prepare for Part 2 to begin.
Part 2: Gestural Controls Test
a. Open Ended Task: Please spend 15 seconds familiarising yourself with the scene around you.
b. Open Ended Task: Please spend 1 minute familiarising yourself with the gesture controls.
· Facing your left palm towards you will open a floating menu beside your hand. Face your palm away to close the menu.
· You can restart or close the game any time by pressing the corresponding button in the palm menu.
· If you do not wish to continue with the test, close the game and skip to the post-testing phase.
· You can press buttons by poking them with your right-hand thumb, index, and middle fingers.
· The slider at the top of the menu will rotate the tower.
· When your hand is near an interactable, such as a jenga block or button, it will glow green to notify you. A red colour means no interactable objects are detected.
· Pinching an object will pick it up, and your wrist halo will glow blue to confirm this. Releasing your pinch will drop the currently grabbed object.
c. Specific Task: Please spend 30 seconds pushing jenga blocks from out of the tower by poking them.
d. Specific Task: Please spend 30 seconds grabbing jenga blocks from the tower by pinching them.
e. Open Ended Task: Please spend 2-3 minutes playing the game. The objective is to keep the tower upright while removing blocks from any layer below the top layer.
f. Specific Task: When you are ready, please move on to part 2.
Part 3: Questionnaire, Section 2; User Experience – Gesture Controls
a. Please answer section two of the questionnaire.
b. It is estimated that this will take about 5 minutes to complete.
c. When you have completed section two, please equip the virtual reality headset, and prepare for Part 4 to begin.
Part 4: Oculus Controls
a. Open Ended Task: Please spend 30 seconds familiarising yourself with the gesture controls.
· Facing your left controller towards you will open a floating menu. Face your controller away to close the menu.
· You can restart or close the game any time by pressing the corresponding button in the menu.
· If you do not wish to continue with the test, close the game and skip to the post-testing phase.
· You can press buttons by poking them with your right-hand controller tip.
· You can grab objects by pressing and holding the front trigger of either Oculus controller. Release the trigger to release the object currently grabbed.
b. Specific Task: Please spend 30 seconds pushing jenga blocks from out of the tower by poking them with your controller.
c. Specific Task: Please spend 30 seconds grabbing jenga blocks from the tower by pulling the front trigger of either controller.
d. Open Ended Task: Please spend 2-3 minutes playing the game. The objective is to keep the tower upright while removing blocks from any layer below the top layer.
e. Specific Task: When you are ready, please move on to part 5.
Part 5: Questionnaire, Section 3; User Experience – Oculus Touch Controls
a. Please answer section three of the questionnaire.
b. It is estimated that this will take about 5 minutes to complete.
c. When you have completed section three, please decide in section four as to whether you would like to provide further feedback, or to finish the test there.
a. If you decide to provide further feedback, it is expected that the remaining sections of the questionnaire may take between 6-8 minutes.

Post-Testing
Once the instruction set is complete, the following criteria must be satisfied:
3. The user has removed all equipment used in testing.
4. The user has completed sections one, two and three in the questionnaire.



Appendix 6 – Final Test Questionnaire
[image: ]
The Capabilities of a Leap Motion 
Controlled VR Game – Final Test Questionnaire
My name is Ben Kiddie, and I am conducting user tests for my university independent project. The purpose of this questionnaire is to analyse the overall user experience when utilising the Leap Motion Controller in a VR game, in addition to identifying areas of the game which require refinement of design.
Your responses will be confidential, and only I will be able to see them. 
Your participation in this questionnaire is optional. If you do not wish to participate, please disregard this form. Please note that questions marked with an asterisk are deemed "required" - in the event you do not wish to answer a required question, there will be suitable responses for you to disregard the said question and move on. Questions that do not have an asterisk are optional - please feel free to skip these optional questions if you wish. 
This questionnaire should take around 12 minutes to complete in total, should you choose to optin to providing feedback on the game at the halfway point of this questionnaire. The structure is split up in such a way that after each time you use a new control method, there is a new usability section to complete immediately after the fact. There are two usability sections, one per control method. Once these are complete, you will be asked to either opt-in or out of participating in a further three sections regarding the evaluation of the product.
* Required
Demographics
This section provides background to you, the user, and helps with identifying trends in issues or usage patterns.
1
What is your gender?
Female
Male
Non-binary
Prefer not to say
Other

2
What is your age?
18 - 30 years
31 - 45 years
46 - 60 years
> 60 years
Prefer not to say
3
Have you played video games before? * 
Yes
No
4
Have you played a virtual reality game or games with gesture recognition controls in the past? * 
I have played a VR game with gesture controls
I have only played VR games
I have only played gesture controlled games (games that only require your hands to play)
No, I have not played a VR or gesture controlled game
5
Do you suffer from motion sickness, e.g., while traveling in a car or on boats? * 
At all times
Sometimes
Rarely
Never
Prefer not to say
[image: ]User Experience - Gesture Controls
This section will be used to evaluate the effects a gesture control method has on user experience, in addition to more subjective thoughts and opinions regarding the product. Please answer these questions based on your experience with using your hands to control the game. 
Standard questions utilised in the NASA Task Load Index and User Experience Questionnaire (Short Version) will be featured.  
The NASA-TLX encompasses six 10-point questions pertaining to your task performance experience in the test. For each question, please select a rating that you best identify with. Please answer as many questions as possible; however, if you are unsure of how you feel about a particular question, please leave it blank.
The UEQ-S takes the form of statements under a Likert scale. For each statement, please select a rating that you best identify with. Please provide as many ratings as possible; however, if you are unsure of how you feel about a particular statement, please leave it blank. 
Image credit to Skarredghost [https://www.virtualrealitypulse.com/leap-motion/study/?openarticle-id=15355090&article-title=ultraleap-gemini-review--use-both-hands-in-vr-&blogdomain=skarredghost.com&blog-title=the-ghost-howls (https://www.virtualrealitypulse.com/leapmotion/study/?open-article-id=15355090&article-title=ultraleap-gemini-review--use-both-handsin-vr-&blog-domain=skarredghost.com&blog-title=the-ghost-howls)]
6
Mental Demand - At what level would you perceive your cognitive and perceptual understanding of the activity was required? Was the task easy or demanding, simple or complex?
Let '1' be very low cognitive demand (i.e., simple), '10' be very high cognitive demand (i.e., very complex). Some examples of conceptual tasks include calculating, searching, remembering, decision making, etc.
1	2	3	4	5	6	7	8	9	10

7
Physical Demand - How much physical activity was required? Was the task easy or demanding, slack or strenuous?
Let '1' be very low physical demand (i.e., slack), '10 be very high physical demand (i.e., very strenuous). Some examples of physical tasks include pushing, pulling, turning your body, putting strain on limbs, etc.
1	2	3	4	5	6	7	8	9	10

8
Effort - How hard did you have to work (cognitively and physically) to accomplish your level of performance?
Let '1' be very little effort (i.e., low physical and mental strain), '10' be a lot of effort (i.e., a lot of physical and mental strain).
1	2	3	4	5	6	7	8	9	10

9
Temporal Demand - How much time pressure did you feel due to the pace at which the tasks or task elements occurred? Was the pace at which you worked slow or rapid, leisurely or frantic?
Let '1' be very low temporal demand (i.e., leisurely pacing), '10' be very high temporal demand (i.e., very rapid pace). This is in reference to the rate of tasks assigned to you by either the assessor or game.
1	2	3	4	5	6	7	8	9	10

10
Overall Performance - How successful were you in performing the task?
Let '1' be very successful, '10' be very unsuccessful. This is in reference to tasks assigned by the assessor or game.
1	2	3	4	5	6	7	8	9	10

11
Frustration Level - How irritated, stressed, and annoyed versus content, relaxed, and complacent did you feel during the task?
Let '1' be very frustrated (otherwise dissatisfied, insecure, discouraged, annoyed), '10' be content (otherwise gratified, secure, relaxed, complacent).
1	2	3	4	5	6	7	8	9	10


12
In the below User Experience Questionnaire, please go through each statement and select a rating you best identify with.
The product in this case would be the application used in a gesture controlled context involving the Leap Motion Controller, NOT using the virtual reality Oculus controllers. 
To elaborate on some statements: 
· "Obstructive" would mean that you did not feel in control of the product. For example, the method of controlling the game got in the way of the tasks you were assigned, and perhaps some features of the game actively hindered your usage.  
· "Inventive" means the product was innovative and breaks the mould within the established norms for its field. 
· "Leading edge" means the product makes the most of new and contemporary tools and techniques. 
If you are unsure how you feel about a particular statement, please select 'neutral' as your rating.
	Highly Disagree
	Disagree
	Slightly
Disagree
	Neutral
	Slightly Agree
	Agree
	Highly Agree


The product was							obstructive during use
The product was							complicated to use
The product took a lot							of effort to use
The product was confusing to use
The product was boring
The product was uninteresting
The product stuck to conventions and was							not inventive
The product was typical							and not leading edge
[image: ]User Experience - Oculus Touch Controls
This section will be used to evaluate the effects a controller based system has on user experience, in addition to more subjective thoughts and opinions regarding the product. Please answer these questions based on your experience with using your hands to control the game. 
Standard questions utilised in the NASA Task Load Index and User Experience Questionnaire (Short Version) will be featured.  
The NASA-TLX encompasses six 10-point questions pertaining to your task performance experience in the test. For each question, please select a rating that you best identify with. Please answer as many questions as possible; however, if you are unsure of how you feel about a particular question, please leave it blank.
The UEQ-S takes the form of statements under a Likert scale. For each statement, please select a rating that you best identify with. Please provide as many ratings as possible; however, if you are unsure of how you feel about a particular statement, please leave it blank. 
Image credit to Peter Graham [https://www.vrfocus.com/2020/09/all-the-specifications-for-oculusquest-2/ (https://www.vrfocus.com/2020/09/all-the-specifications-for-oculus-quest-2/)]
13
Mental Demand - At what level would you perceive your cognitive and perceptual understanding of the activity was required? Was the task easy or demanding, simple or complex?
Let '1' be very low cognitive demand (i.e., simple), '10' be very high cognitive demand (i.e., very complex). Some examples of conceptual tasks include calculating, searching, remembering, decision making, etc.
1	2	3	4	5	6	7	8	9	10

14
Physical Demand - How much physical activity was required? Was the task easy or demanding, slack or strenuous?
Let '1' be very low physical demand (i.e., slack), '10 be very high physical demand (i.e., very strenuous). Some examples of physical tasks include pushing, pulling, turning your body, putting strain on limbs, etc.
1	2	3	4	5	6	7	8	9	10

15
Effort - How hard did you have to work (cognitively and physically) to accomplish your level of performance?
Let '1' be very little effort (i.e., low physical and mental strain), '10' be a lot of effort (i.e., a lot of physical and mental strain).
1	2	3	4	5	6	7	8	9	10

16
Temporal Demand - How much time pressure did you feel due to the pace at which the tasks or task elements occurred? Was the pace at which you worked slow or rapid, leisurely or frantic?
Let '1' be very low temporal demand (i.e., leisurely pacing), '10' be very high temporal demand (i.e., very rapid pace). This is in reference to the rate of tasks assigned to you by either the assessor or game.
1	2	3	4	5	6	7	8	9	10

17
Overall Performance - How successful were you in performing the task?
Let '1' be very successful, '10' be very unsuccessful. This is in reference to tasks assigned by the assessor or game.
1	2	3	4	5	6	7	8	9	10

18
Frustration Level - How irritated, stressed, and annoyed versus content, relaxed, and complacent did you feel during the task?
Let '1' be very frustrated (otherwise dissatisfied, insecure, discouraged, annoyed), '10' be content (otherwise gratified, secure, relaxed, complacent).
1	2	3	4	5	6	7	8	9	10


19
In the below User Experience Questionnaire, please go through each statement and select a rating you best identify with.
The product in this case would be the application used in a virtual reality controller context, NOT using gestural controls. 
To elaborate on some statements: 
· "Obstructive" would mean that you did not feel in control of the product. For example, the method of controlling the game was inconvenient to use for the tasks asked of you. 
· "Inventive" means the product was innovative and breaks the mould within the established norms for its field. 
· "Leading edge" means the product makes the most of new and contemporary tools and techniques. 
If you are unsure how you feel about a particular statement, please select 'neutral' as your rating.
	Highly Disagree
	Disagree
	Slightly
Disagree
	Neutral
	Slightly Agree
	Agree
	Highly Agree


The product was							obstructive to use
The product was							complicated to use
The product took a lot							of effort to use
The product was confusing to use
The product was boring
The product was uninteresting
The product stuck to conventions and was							not inventive
The product was typical							and not leading edge
End of User Experience Questions
Thank you for your feedback pertaining to the user experience. If you would like to opt-in to answer questions relating to evaluating the video game you played, please select "Yes, I would like to provide feedback on the game" in the following question. Selecting "No, I do not wish to provide feedback" will allow you to jump to the end of the questionnaire.
20
Would you like to provide feedback on the video game you played? * 
Yes, I would like to provide feedback on the game
No, I do not wish to provide feedback

	Virtual Reality	[image: ]
This section aims to highlight issues with the implementation of the game in a VR context. The following questions will relate to your experience with wellbeing and immersion over the course of the test.
21
The below statements relate to your wellbeing in using a virtual reality headset during testing. Please assess them and tick any that you may have experienced at any point throughout testing. If none of these options apply to you, please skip this question. * 
Note: "vertigo" - a sensation of whirling and loss of balance, associated particularly with looking down from a great height, or caused by disease affecting the inner ear or the vestibular nerve; giddiness. 
This question is based on the Virtual Reality Sickness Questionnaire.
I felt general discomfort.
I felt fatigued.
My eyes were strained.
I had difficulty focusing.
I felt a 'fullness' in my head.
My vision was blurred.
I felt dizzy after I closed my eyes.
I felt symptoms of vertigo.
None of the above
	User Controls (Gestural)	[image: ]
This section aims to evaluate the usability of gesture controls, i.e., the experience when using the Leap Motion Controller to interact with the game. 
Note - Gesture controls extend to the following abilities: 
· Pushing objects with your hand and fingers. 
· Grabbing objects by pinching them. 
· Dropping objects by releasing them from a pinch. 
· Navigating the game using hand controlled menus.

22
The below statements relate to your experience with using gesture controls through the Leap Motion Controller in the game. For each of the below statements, please select a rating that you best identify with. If you are unsure of how you feel about a particular statement, please select "neutral" for the rating. * This question is based on the System Usability Scale.
	Strongly
	
	
	
	

	Disagree
	Disagree
	Neutral
	Agree
	Strongly agree


I think that I would like to use this system					frequently.
I found the system unnecessarily complex.
I thought the system was easy to use.
I think that I would need the support of a technical person to be able to use this system.
I found the various functions in this system					were well integrated.
I thought there was too much inconsistency in					this system.
I would imagine most people would learn to use this system very quickly.
I found the system very cumbersome to use.
I felt very confident using the system.
I needed to learn a lot of things before I could get going with this system.
23
Please rate the gesture controls based on your experience during testing: * 
Strongly
	Disliked	Disliked	Neutral	Liked	Strongly Liked
Push
Pinch / Grab
Drop
Palm menu
24
If you have any outstanding thoughts on a gesture control, please leave them here:
	 


	User Controls (Controller)	[image: ]
This section aims to evaluate the usability of handheld controllers when interacting with the game.

25
The below statements relate to your experience with using the Oculus Touch controllers in the game. For each of the below statements, please select a rating that you best identify with. If you are unsure of how you feel about a particular statement, please select "neutral" for the rating. * This question is based on the System Usability Scale.
	Strongly
	
	
	
	

	Disagree
	Disagree
	Neutral
	Agree
	Strongly agree


I think that I would like to use this system					frequently.
I found the system unnecessarily complex.
I thought the system was easy to use.
I think that I would need the support of a technical person to be able to use this system.
I found the various functions in this system					were well integrated.
I thought there was too much inconsistency in					this system.
I would imagine most people would learn to use this system very quickly.
I found the system very cumbersome to use.
I felt very confident using the system.
I needed to learn a lot of things before I could get going with this system.
26
Please rate the Oculus controls based on your experience during testing: * 
Strongly
	Disliked	Disliked	Neutral	Liked	Strongly Liked
Push
Grab
Drop
Menu

Final Thoughts
Thank you for partaking in this questionnaire. This final section is purely to round off the survey and accept additional thoughts from you, the user.
27
If there are any additional thoughts on the prototype or method of testing, please let me know below:
	 



This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.
[image: ] Microsoft Forms


Appendix 7 – Final Test Results
	ID
	1
	2
	3

	Start time
	4/11/21 20:23:01
	4/11/21 20:57:04
	4/12/21 22:42:21

	Completion time
	4/11/21 20:49:52
	4/11/21 21:26:55
	4/12/21 23:17:53

	Email
	anonymous
	anonymous
	anonymous

	Name
	
	
	

	What is your gender?
	Male
	Female
	Male

	What is your age?
	46 - 60 years
	46 - 60 years
	18 - 30 years

	Have you played video games before?
	Yes
	Yes
	Yes

	Have you played a virtual reality game or games with gesture recognition controls in the past?
	I have played a VR game with gesture controls
	I have played a VR game with gesture controls
	I have only played VR games

	Do you suffer from motion sickness, e.g., while traveling in a car or on boats?
	Rarely
	Sometimes
	Never

	Mental Demand - At what level would you perceive your cognitive and perceptual understanding of the activity was required? Was the task easy or demanding, simple or complex?
	3
	2
	6

	Physical Demand - How much physical activity was required? Was the task easy or demanding, slack or strenuous?
	3
	6
	3

	Effort - How hard did you have to work (cognitively and physically) to accomplish your level of performance?
	4
	6
	6

	Temporal Demand - How much time pressure did you feel due to the pace at which the tasks or task elements occurred? Was the pace at which you worked slow or rapid, leisurely or frantic?
	5
	4
	7

	Overall Performance - How successful were you in performing the task?
	2
	4
	6

	Frustration Level - How irritated, stressed, and annoyed versus content, relaxed, and complacent did you feel during the task?
	8
	4
	5

	The product was obstructive during use
	Disagree
	Disagree
	Disagree

	The product was complicated to use
	Disagree
	Highly Disagree
	Slightly Disagree

	The product took a lot of effort to use
	Highly Disagree
	Highly Disagree
	Slightly Agree

	The product was confusing to use
	Highly Disagree
	Highly Disagree
	Disagree

	The product was boring
	Highly Disagree
	Highly Disagree
	Disagree

	The product was uninteresting
	Highly Disagree
	Disagree
	Disagree

	The product stuck to conventions and was not inventive
	Slightly Disagree
	Highly Disagree
	Disagree

	The product was typical and not leading edge
	Disagree
	Highly Disagree
	Disagree

	Mental Demand - At what level would you perceive your cognitive and perceptual understanding of the activity was required? Was the task easy or demanding, simple or complex?
	2
	4
	4

	Physical Demand - How much physical activity was required? Was the task easy or demanding, slack or strenuous?
	2
	3
	7

	Effort - How hard did you have to work (cognitively and physically) to accomplish your level of performance?
	3
	4
	5

	Temporal Demand - How much time pressure did you feel due to the pace at which the tasks or task elements occurred? Was the pace at which you worked slow or rapid, leisurely or frantic?
	3
	3
	6

	Overall Performance - How successful were you in performing the task?
	1
	7
	5

	Frustration Level - How irritated, stressed, and annoyed versus content, relaxed, and complacent did you feel during the task?
	8
	7
	6

	The product was obstructive to use
	Disagree
	Disagree
	Slightly Disagree

	The product was complicated to use
	Highly Disagree
	Highly Disagree
	Disagree

	The product took a lot of effort to use
	Disagree
	Highly Disagree
	Slightly Disagree

	The product was confusing to use
	Highly Disagree
	Highly Disagree
	Disagree

	The product was boring
	Highly Disagree
	Disagree
	Disagree

	The product was uninteresting
	Highly Disagree
	Highly Disagree
	Disagree

	The product stuck to conventions and was not inventive
	Highly Disagree
	Disagree
	Agree

	The product was typical and not leading edge
	Highly Disagree
	Highly Disagree
	Agree

	Would you like to provide feedback on the video game you played?
	Yes, I would like to provide feedback on the game
	Yes, I would like to provide feedback on the game
	Yes, I would like to provide feedback on the game

	The below statements relate to your wellbeing in using a virtual reality headset during testing. Please assess them and tick any that you may have experienced at any point throughout testing. If n...
	None of the above;
	None of the above;
	None of the above;

	I think that I would like to use this system frequently.
	Strongly agree
	Agree
	Agree

	I found the system unnecessarily complex.
	Strongly Disagree
	Strongly Disagree
	Disagree

	I thought the system was easy to use.
	Strongly agree
	Agree
	Agree

	I think that I would need the support of a technical person to be able to use this system.
	Disagree
	Disagree
	Disagree

	I found the various functions in this system were well integrated.
	Agree
	Agree
	Agree

	I thought there was too much inconsistency in this system.
	Disagree
	Disagree
	Disagree

	I would imagine most people would learn to use this system very quickly.
	Strongly agree
	Strongly agree
	Neutral

	I found the system very cumbersome to use.
	Strongly Disagree
	Strongly Disagree
	Disagree

	I felt very confident using the system.
	Strongly agree
	Agree
	Agree

	I needed to learn a lot of things before I could get going with this system.
	Strongly Disagree
	Neutral
	Disagree

	Push
	Strongly Liked
	Liked
	Liked

	Pinch / Grab
	Liked
	Strongly Liked
	Liked

	Drop
	Neutral
	Strongly Liked
	Liked

	Palm menu
	Liked
	Strongly Liked
	Strongly Liked

	If you have any outstanding thoughts on a gesture control, please leave them here:
	With regards to the headset, the weight of it impacted on my ability to wear my glasses and focus fully. I needed to adjust the headset at times in order to ensure I was comfortable. This was not an issue with the game.
	When using gesture control the size of the hand visible in the game felt different from the size of my actual hand in real life. This meant while playing the game I sometimes struggled with perception and managing to pick up the blocks as it felt like I was either stretching my hands more than I needed to or not stretching them wide enough.

	I think that I would like to use this system frequently.
	Strongly agree
	Disagree
	Strongly agree

	I found the system unnecessarily complex.
	Strongly Disagree
	Disagree
	Disagree

	I thought the system was easy to use.
	Strongly agree
	Agree
	Agree

	I think that I would need the support of a technical person to be able to use this system.
	Strongly Disagree
	Strongly Disagree
	Disagree

	I found the various functions in this system were well integrated.
	Strongly agree
	Agree
	Agree

	I thought there was too much inconsistency in this system.
	Disagree
	Strongly Disagree
	Disagree

	I would imagine most people would learn to use this system very quickly.
	Strongly agree
	Agree
	Agree

	I found the system very cumbersome to use.
	Strongly Disagree
	Strongly Disagree
	Neutral

	I felt very confident using the system.
	Strongly agree
	Agree
	Agree

	I needed to learn a lot of things before I could get going with this system.
	Strongly Disagree
	Disagree
	Disagree

	Push
	Disliked
	Liked
	Liked

	Grab
	Strongly Liked
	Strongly Liked
	Neutral

	Drop
	Strongly Liked
	Strongly Liked
	Neutral

	Menu
	Strongly Liked
	Neutral
	Liked

	If there are any additional thoughts on the prototype or method of testing, please let me know below:
	It was easier to use the gesture controls as you feel more in control. 
	Sometimes the controllers did feel cumbersome in comparison to the gesture controls, purely due to the fact that it is a controller and not a hand, it cannot react or move in the same way a hand can. While controllers are fine for certain apps/games, gesture control felt a lot more comfortable with this particular task.




Appendix 8 – Final Requirements Specification
The Capabilities of a Leap Motion Controlled VR Game – Requirements Specification

Functional Requirements
MUST HAVE
	ID
	Requirement
	Description

	FR1
	Leap Motion Controller detection
	The Leap Motion Controller detects user movements in the game.

	FR2
	Hand substitution
	Leap Motion Controller input reflects user hands in-game using model hands.

	FR3
	Gesture recognition
	The game recognises the users’ hands detected via the Leap Motion Controller.

	FR4
	Gesture control
	The user interfaces with the game via the Leap Motion Controller by performing various gestures recognised by the system.

	FR5
	VR headset compatible
	The game can be viewed via the head-mounted display in the chosen VR equipment.

	FR6
	VR controller compatibility
	The user can interface with the game via the controllers used by the VR equipment.

	FR7
	Game objects
	The game will include some objects that can be interacted with by the user.

	FR8
	Game objects - pushing
	The user can use their hands to collide with objects and push them.

	FR9
	Gesture feedback
	The game will clearly feedback to the user when a successful gesture input has been made.



SHOULD HAVE
	FR10
	Game objects – grabbing
	The user can grab and move objects, given one of their hands has collided with an object while the ‘grab’ command is issued.

	FR11
	Game scenario – objectives
	The user is tasked with completing a series of scenario specific objectives.

	FR12
	Game scenario – completion
	The user may conclude a session by accomplishing each objective set out by the scenario.

	FR13
	User performance – time
	The game will query time taken to accomplish objectives.

	FR14
	User performance – success rate
	The game will query the rate of objective completion.

	FR15
	User performance – error rate
	The game will query the rate at which users perform slips and mistakes that do not contribute towards an objective.

	FR16
	User menu
	The user has access to a menu, containing member functions the user may initiate.

	FR17
	User menu – close application
	The user may be able to close the application via an exit function in the menu.

	FR18
	Gestural error prevention – timed confirmation
	The window between a user making gesture input and the system recognising this should be adjustable by the user via the user menu.

	FR19
	Gestural error prevention – defaults
	In the event of gestures being interfered with, clashing, or unresponsive, the gesture system will enter a default state which does not impact the game experience.

	FR20
	User menu
	The menu can be opened by the user via an easily accessible gesture input.

	FR21
	Jenga Scenario – Rotating Tower
	The user has the ability to rotate the jenga tower.

	FR22
	Jenga Scenario – Orbiting Tower
	The user has the ability to orbit around the jenga tower.



COULD HAVE
	FR23
	Multiple scenarios
	More than one possible game scenario is available to the user.

	FR24
	User menu – scenario select
	The user can choose a scenario to play via the menu.

	FR25
	Gestural error prevention – clashes
	If the system recognises multiple input types simultaneously, the clash must be resolved.

	FR26
	Gestural error prevention – lack of feedback
	If the Leap Motion Controller fails to detect the users’ hands, the system must recognise this and halt the user interface until feedback is identified.

	FR27
	Jenga Scenario – Block Feedback
	When acted upon by the user, jenga blocks will shift to different colours to reflect their new state.



WON’T HAVE
	FR27
	Gestural error prevention – interference
	The system will account for real world Leap Motion Controller interference that has an impact on recognising user input.

	FR28
	Jenga Scenario – Movement Multiplier
	The user can set a scaling factor which amplifies or tones down real world position translations to the game.

	FR29
	Jenga Scenario – Raycast Movement
	The user can point to where they want to move in the scene.



Non-Functional Requirements
MUST HAVE
	NFR1
	Game performance
	The game operates at high Frames per Second

	NFR2
	Gesture usability
	The gestures included in the game are comfy and easy to use.

	NFR3
	Gesture appropriateness
	Gestures are context sensitive and not inappropriate, derogatory, or otherwise offensive.

	NFR4
	Gesture feedback
	Feedback from user gestures is immediate.

	NFR5
	Game adaptability
	The game is built to be adaptable towards either gesture or controller-based interfaces.



SHOULD HAVE
	NFR6
	Game loading times
	The game loads quickly.

	NFR7
	Game aesthetic consistency
	The game uses a consistent aesthetic style.

	NFR8
	Interface usability
	User interfaces are non-complex and easy to navigate.

	NFR9
	Interface flow
	User interfaces are easily accessible and easy to transition between.

	NFR10
	Jenga Scenario – Refined Physics
	The jenga block physics act in a way that is expected and accurate to real life interactions.



COULD HAVE 
	NFR11
	Intuitive scenario
	The game is simple and self-explanatory.

	NFR12
	Game audio style
	The game is aurally pleasing to hear.

	NFR13
	Game aesthetic style
	The game is aesthetically pleasing to look at.

	NFR14
	Game scenario engagement
	The game scenario is engaging and fun to play.


WON’T HAVE 



Appendix 9 – User Stories
Leap Motion Controlled VR Game – User Stories

Personas
The expected personas of the implementation are as follows:
1. Sally, the teacher.
2. Mark, the gamer.
3. David, the office worker.
4. Ben, the developer.

Additional Users
Further potential users of the system include:
1. Developers.


Profiles
5. Sally
a. Demographic: 45–50, married, children.
b. Sally is a teacher at a college who works hard to live the best of both home and work worlds. They want to try out trendy games to use as a topic of conversation with their students.
c. Goals
i. Wants to better understand their students.
ii. Trying out what is hip and trendy.
iii. Work hard to be a good teacher and parent.
d. Pain
i. Delivering classes students find “unfun”.
ii. Overly busy schedules.
iii. Missing out on socializing.
e. Media & device preferences
i. Uses a smartphone frequently throughout the day to manage their schedule and keep in touch with friends over social media.
ii. Uses an iPad in free time to watch films, shop, video call friends.
iii. Uses a low-spec laptop to write reports, design powerpoints and conduct remote classes.
f. Role & responsibilities
i. Teaches higher education classes.
ii. Helps manage a department at the college they teach.
iii. Lives with their husband and two children.
g. Tasks
i. Check emails.
ii. Check timetable.
iii. Deliver classes.
iv. Meetings with staff.
v. Plans with friends.


6. Mark
a. Demographic: 18-25, single, no children
b. Mark works at a local computer parts shop to fuel their passions for games and socialising. They would like to try out games using new VR technology.
c. Goals
i. Wants to play the latest games on cutting edge technology.
ii. Hang out with friends.
iii. Live life to the fullest.
d. Pain
i. Too busy with work to play games with friends.
ii. Not always enough money for drinks or games.
iii. Not a fan of delayed gratification.
e. Media & device preferences
i. Uses a high-spec PC to play video games, watch videos, and socialize over voice chat.
ii. Uses a smartphone to make plans with friends and watch YouTube when they are not too busy with a shift at work.
iii. Highly involved in social media – enjoys posting to Facebook and Twitter and keeping up with friends.
f. Role & responsibilities
i. Lives in a flat with a couple roommates.
ii. Works part-time to pay the bills.
iii. Saving up to fund their dream job.
g. Tasks
i. Post to social media.
ii. Play video games.
iii. Work shifts.
iv. Organise hang outs.


7. David
a. Demographic: 30-40, married, one child
b. David commutes daily to work an office job for a large company. He wants to play games to share a hobby with his child.
c. Goals
i. Work hard and long hours to earn money and promotions.
ii. Spend time with wife and teenage child in evenings and weekends.
iii. Sometimes go out with friends and co-workers for a pint.
d. Pain
i. Dynamic hours and busy weeks mean less time to spend bonding with their family.
ii. Long commutes.
iii. Finds little time for mindfulness and exercise.
e. Media & device preferences
i. Owns a smartphone primarily used for business purposes and some social media.
ii. Owns a medium-spec laptop that they can carry to and from the workplace.
iii. Works alongside numerous specialized work-related software but finds some time to occasionally browse social media (e.g., Facebook and LinkedIn).
iv. Setup a home entertainment system in the living room, where they come home to watch high quality movies on Netflix and Amazon Prime with their family.
f. Role & responsibilities
i. Lives in an apartment with their family.
ii. Works alongside a small team at the office to meet deadlines.
iii. Organises monthly outings for their team.
g. Tasks
i. Check schedule.
ii. Check emails.
iii. Commute.
iv. Work shift.
v. Attend meetings.
vi. Setup home movie nights.


8. Ben
a. Demographic: 18-25, single, no children
b. Ben is a student game developer who works remotely on developing software for their studies. They would like to try innovative games as inspiration for their own projects.
c. Goals
i. Graduate with a high grade.
ii. Develop skillsets for employment.
iii. Enjoy playing games to the fullest.
d. Pain
i. Subpar grades.
ii. Missing lectures.
iii. Dull games.
e. Media & device preferences
i. Uses a high-spec PC to play or work on games, write reports, and to attend remote lectures.
ii. Effectively lives at their desk.
iii. Uses a smartphone to watch the latest films and YouTube videos.
f. Role & responsibilities
i. Lives at home with their family.
ii. Attends lectures. 
iii. Works alongside students in a group project.
g. Tasks
i. Check emails.
ii. Check timetable.
iii. Collaborate with students.
iv. Attend remote lectures.
v. Play video games.


Epics
The “Epics” expected of the implementation are as follows:
1. Welcome Menu
2. Gesture Controlled Interface Tutorial
3. User Menu tutorial
4. Game Scenario Tutorial
5. User / Scenario Interactions
6. Game Profiling
7. Scenario Conclusion


User Stories
The format for an outline of user stories per epic will follow the format below:
“As <USER>, I want <TASK>, so that <REASON>”
1. Ben’s stories
a. As Ben, I want in-game hand models to accurately reflect the motions of my real hands, so that the errors I make are minimised.
b. As Ben, I want clear tutorials on the gesture interface, so that I can fully understand my capabilities within the realm of the game.
c. As Ben, I want to be able to push objects in the game with my hands, so that I can interact with the game in a way that feels natural.
d. As Ben, I want to be able to pull objects in the game with my hands, so that I can interact with the game in a way that feels natural.
2. Mark’s stories
a. As Mark, I want the game to run at a high framerate, so that I can enjoy a smooth gameplay experience.
b. As Mark, I want the gestures I use to be comfy, so that I can play for extended sessions without tiring.
c. As Mark, I want to customize my controls and interfaces to suit my needs, so that I can play the game with more freedom of choice.
3. Sally’s stories
a. As Sally, I want the gestural inputs to clearly feedback to me when I do something in the game, so that I know if something has happened.
b. As Sally, I want the gestural inputs to feedback to me immediately, so that I know when to expect something to happen.
c. As Sally, I want the gestures I use to be non-offensive, so that I feel comfortable interacting with the game alone or with others nearby.
4. David’s stories
a. As David, I want the gestures I use to be context sensitive, so that what I do with my hands makes when I interact with the game.
b. As David, I want to be able to close the game at any point, so that I can take breaks whenever I want.
c. As David, I want the number of user interactions to be streamlined to a minimum, so that I don’t have to waste time navigating complex menus.
d. As David, I want the game to load as quickly as possible, so that I can spend more time playing the game.
5. Developer Stories
a. As a developer, I want to profile the game’s framerate, so that I can identify areas with low performance and fix them.
b. As a developer, I want to profile the user’s time taken per task, so that I can identify parts of the game that may be too difficult.
c. As a developer, I want to profile the user’s gesture error rate, so that I can identify difficult to use gestures.
d. As a developer, I want to profile the user’s task completion rate, so that I can identify difficulties with the scenario.
e. As a developer, I want gestures to account for user slips, so that errors do not break the flow of the user experience.


Appendix 10 – Custom Unity Scripts
OculusHaloController.cs
using Leap.Unity.Interaction;
using UnityEngine;
using System.Collections.Generic;

public class OculusHaloController : MonoBehaviour
{
    private ParticleSystem oculusHaloParticleSystem; // Cache the particle system component of the controller halo we attach this script to

    [SerializeField]
    private AudioSource oculusHaloTransitionSound;

    [SerializeField]
    private GameObject oculusController;    // The controller for which we want to query properties from
    private InteractionController interactionController;    // Used to query grasping state

    [SerializeField]
    private bool isFacingCamera = false;    // If the user is facing the camera, the halo should glow white
    private bool displayControllerHalo = true;    // When false, do not display wrist halo
    private bool playTransitionSound = false;   // When false, do not play a sound on transitions

    // Possible states for the users' hand to be in. The state determines the halo colour.
    [SerializeField]
    private bool grasping = true,
        hovering = true,
        idling = true;
    
    void Awake()
    {
        oculusHaloParticleSystem = GetComponent<ParticleSystem>();
        interactionController = oculusController.GetComponent<InteractionController>();
    }

    private void Start()
    {
        IsIdling();
    }

    void Update()
    {
        if(!isFacingCamera)
        {
            if (interactionController.isGraspingObject)
            {
                IsGrasping();
            }
            else
            {
                if (interactionController.isPrimaryHovering)
                {
                    IsHovering();
                }
                else
                {
                    IsIdling();
                }
            }

        }
    }

    public void OnMenuVisible()
    {
        isFacingCamera = true;
    }

    public void OnMenuInvisible()
    {
        isFacingCamera = false;
    }

    public void ToggleWristHalo()
    {
        displayControllerHalo = !displayControllerHalo;
        var emission = oculusHaloParticleSystem.emission;
        emission.enabled = displayControllerHalo;
    }

    public void ToggleTransitionSound()
    {
        playTransitionSound = !playTransitionSound;
    }

    private void IsIdling()
    {
        idling = true;
        if(grasping || hovering)
        {
            grasping = false;
            hovering = false;
            ChangeColor(new Color(1.0f, 0.0f, 0.0f, 0.1f));
        }
    }

    private void IsHovering()
    {
        hovering = true;
        if (grasping || idling)
        {
            grasping = false;
            idling = false;
            ChangeColor(new Color(0.0f, 1.0f, 0.0f, 0.1f));
        }
    }

    private void IsGrasping()
    {
        grasping = true;
        if (idling || hovering)
        {
            idling = false;
            hovering = false;
            ChangeColor(new Color(0.0f, 0.0f, 1.0f, 0.1f));
        }
    }

    private void ChangeColor(Color newHaloColor)
    {
        var main = oculusHaloParticleSystem.main;
        main.startColor = new Color(newHaloColor.r, newHaloColor.g, newHaloColor.b, newHaloColor.a);
        if(playTransitionSound)
        {
            oculusHaloTransitionSound.Play();
        }
    }
}


WristHaloController.cs
using Leap.Unity.Interaction;
using UnityEngine;
using System.Collections.Generic;

public class WristHaloController : MonoBehaviour
{
    private ParticleSystem wristHaloParticleSystem; // Cache the particle system component of the wrist halo we attach this script to

    [SerializeField]
    private AudioSource wristHaloTransitionSound;

    [SerializeField]
    private GameObject hand;    // The hand for which we want to query properties from
    private InteractionHand interactionHand;    // Used to query grasping state

    [SerializeField]
    private bool isFacingCamera = false;    // If the user is facing the camera, the halo should glow white
    private bool displayWristHalo = true;    // When false, do not display wrist halo
    private bool playTransitionSound = false;   // When false, do not play a sound on transitions

    // Possible states for the users' hand to be in. The state determines the halo colour.
    [SerializeField]
    private bool grasping = true,
        hovering = true,
        idling = true;
    
    void Awake()
    {
        wristHaloParticleSystem = GetComponent<ParticleSystem>();
        interactionHand = hand.GetComponent<InteractionHand>();
    }

    private void Start()
    {
        IsIdling();
    }

    void Update()
    {
        if(!isFacingCamera)
        {
            if (interactionHand.isGraspingObject)
            {
                IsGrasping();
            }
            else
            {
                if (interactionHand.isPrimaryHovering)
                {
                    IsHovering();
                }
                else
                {
                    IsIdling();
                }
            }

        }
    }

    public void OnMenuVisible()
    {
        isFacingCamera = true;
    }

    public void OnMenuInvisible()
    {
        isFacingCamera = false;
    }

    public void ToggleWristHalo()
    {
        displayWristHalo = !displayWristHalo;
        var emission = wristHaloParticleSystem.emission;
        emission.enabled = displayWristHalo;
    }

    public void ToggleTransitionSound()
    {
        playTransitionSound = !playTransitionSound;
    }

    private void IsIdling()
    {
        idling = true;
        if(grasping || hovering)
        {
            grasping = false;
            hovering = false;
            ChangeColor(new Color(1.0f, 0.0f, 0.0f, 0.1f));
        }
    }

    private void IsHovering()
    {
        hovering = true;
        if (grasping || idling)
        {
            grasping = false;
            idling = false;
            ChangeColor(new Color(0.0f, 1.0f, 0.0f, 0.1f));
        }
    }

    private void IsGrasping()
    {
        grasping = true;
        if (idling || hovering)
        {
            idling = false;
            hovering = false;
            ChangeColor(new Color(0.0f, 0.0f, 1.0f, 0.1f));
        }
    }

    private void ChangeColor(Color newHaloColor)
    {
        var main = wristHaloParticleSystem.main;
        main.startColor = new Color(newHaloColor.r, newHaloColor.g, newHaloColor.b, newHaloColor.a);
        if(playTransitionSound)
        {
            wristHaloTransitionSound.Play();
        }
    }
}


JengaBlockInteractions.cs
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using Leap.Unity.Interaction;

public class JengaBlockInteractions : MonoBehaviour
{
    [SerializeField]
    private InteractionSlider palmMenuTowerRotation;

    [SerializeField]
    private float rotation = 0.0f;

    // Start is called before the first frame update
    void Start()
    {
        
    }

    // Update is called once per frame
    void Update()
    {
        Rotate();
    }

    public void Rotate()
    {
        rotation = palmMenuTowerRotation.HorizontalSliderPercent * 360.0f;
        Quaternion newRotation = Quaternion.Euler(transform.rotation.x, rotation, transform.rotation.z);
        transform.rotation = newRotation;
    }
}


SceneController.cs
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityEngine.SceneManagement;

public class SceneController : MonoBehaviour
{
    public void RestartActiveScene()
    {
        SceneManager.LoadScene(SceneManager.GetActiveScene().buildIndex);
    }

    public void TerminateGame()
    {
        Application.Quit();
    }
}


CustomUnityEvents.cs
using System.Collections;
using System.Collections.Generic;
using UnityEngine;

using UnityEngine.Events;

/*
 * Syntax:
 *      EventName is a user-defined name for the event
 *      parameterType is the type of the input parameter(s) the event receives
 * 
 * 
 * An event that does not receive any input parameters
 *      [System.Serializable]
 *      public EventName : UnityEvent { };
 *      
 * An event that receives one input parameter
 *      [System.Serializable]
 *      public EventName : UnityEvent<parameterType> { };
 * 
 * An event that receives two input parameter
 *      [System.Serializable]
 *      public EventName : UnityEvent<parameterType, parameterType> { };
 *  
 *  
 * A example event called HealthChangeEvent that receives one input parameter of type float. The input parameter is for the new health value.
 *      [System.Serializable]
 *      public class HealthChangeEvent : UnityEvent<float> { };
 * 
 * 
 */

[System.Serializable]
public class GameLoadSceneEvent : UnityEvent<int> { };

[System.Serializable]
public class GameRestartSceneEvent : UnityEvent { };

[System.Serializable]
public class GameExitSceneEvent : UnityEvent { };

[System.Serializable]
public class GameTerminateEvent : UnityEvent { };

[System.Serializable]
public class PlayerWristHaloToggleEvent : UnityEvent { };

[System.Serializable]
public class JengaBlockToggleRigidbody : UnityEvent { };


Appendix 11 – Sprint Retrospectives
	AGENDA
	WHAT WENT WELL
	WHAT CAN BE DONE BETTER
	REMAINING QUESTIONS

	Milestone 1 – Tech Setup
	· FR1 - Setup Leap Controller for detecting hands.
· FR2 - Leap Controller reflects real hand motions.
· FR5 – Apps run through Oculus Link allow the user to fully look around the scene using a VR display.
	· FR1 – Adopt a better method for using the controller alongside the headset (currently using make shift methods of attaching controller to headset).
· FR5 – The ability to navigate around the scene could be made easier.
	· FR6 – How do we implement a VR controller interface?

	Milestone 2 – User Interface
	· FR8 – The user can push objects using their hands. The solution is computationally effective and more accurate than previous solutions.
	· FR8 – The implementation does not meet the desired collision accuracy.
	· FR8 – How can we further improve collision accuracy without losing performance?
· FR9 – How do we go about ensuring the feedback from gestures is appropriate AND impactful?

	Milestone 3 – Scenario
	· FR7 – A jenga tower was implemented with realistic elements taken into consideration (e.g., mass per block).
	· FR7 – Jenga blocks felt a bit off in terms of the physics relative to what is considered a standard jenga block. Perhaps adjust the mass and size for more realism?
	· FR7 – How do we further improve the current jenga blocks in the scene so that they feel realistic?


[bookmark: _Toc69913513]Table 8 Sprint 1 retrospectives

	AGENDA
	WHAT WENT WELL
	WHAT CAN BE DONE BETTER
	REMAINING QUESTIONS

	Milestone 1 – Tech Setup
	· FR1 – Acquired the Leap Motion Developer Mount for VR headsets to improve comfort when using the device.
	· FR5 – The ability to navigate around the scene more easily still needs addressing.
· FR6 – VR controller implementation still needs addressing.
	· FR5 – How do we best let the user navigate the scene with as little movement as possible?
· FR6 – How do we implement a VR controller interface?

	Milestone 2 – User Interface
	· FR4 – The user may now display a control panel when they rotate their left palm towards them. The control panel allows for restarting and closing the game.
· FR8 – Further research into available Leap Motion resources yielded modules which improve physics interactions, where collisions are now highly accurate with no interpenetration.
	· FR4 – More available functionality, as well as a clearer interface would help the user navigate. Also, allowing the user to decide which hand uses the menu, would be beneficial.

	· FR4 – How can we improve the hand menu without it becoming too invasive or difficult to navigate?

	Milestone 3 – Scenario
	· FR7 – Jenga blocks were modified to respond to the newly implemented interaction physics.
	· FR7 – Jenga block physics feel more realistic, however the tower tends to topple much too easily.
	· FR7 – How do we further improve the current jenga blocks in the scene so that they feel realistic?

	Milestone 4 – MVP Refinements
	· NFR1 – The game was further optimised so that framerates could achieve as high as 75.
· NFR4 – Various methods of gesture feedback were identified, such as changing the material colour of users’ hands, or potentially using a wrist halo which changes colour to reflect current gesture interaction properties.
	· NFR1 – Framerates have a minimum of 60 FPS, however 90 FPS is desirable if we are to mitigate simulator sickness.
· NFR4 – Implementation of feedback systems is still yet to conclude.

	· NFR1 – How can we further optimise the game without compromising too much on quality of gameplay?
· NFR4 – How do we go about implementing aforementioned feedback systems? Are we taking into account colour blindness?


[bookmark: _Toc69913514]Table 9 Sprint 2 retrospectives


	AGENDA
	WHAT WENT WELL
	WHAT DIDN’T GO SO WELL
	REMAINING QUESTIONS

	Milestone 3 - Scenario
	· FR7 – Adjusted mass of jenga blocks to match the needs of a Leap Motion system (halved gravity, doubled mass).
	· FR7 – The tower still topples too easily.
	· FR7 – It was identified that friction and drag may be used to address this problem. How do we use this?

	Milestone 4 – MVP Refinements
	· FR9 – Successfully implemented a gesture feedback system – the wrist halo. Shifts between red, green, and blue colours, depending on gestural state.
· NFR4 – The wrist halo responds to gesture interactions almost immediately.
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	AGENDA
	WHAT WENT WELL
	WHAT DIDN’T GO SO WELL
	REMAINING QUESTIONS

	Milestone 3 – Scenario
	· FR7 – Fixed up the frictional coefficients of jenga blocks to be more realistic. Additionally,fixed grab interactions to be more responsive by upscaling size of blocks.
	· FR7 – The need to upscale blocks means a reduced number can fit.
	· FR7 – Can we improve grab responsiveness without the need to increase block size?

	Milestone 1 – Tech Setup
	· FR6 – Identified the methods to integrate Oculus controllers.
	· FR6 – Oculus controller implementation was not ready in time for interim testing.
	· FR6 – How can we cleanly bring Oculus controllers into the Leap ready implementation?


[bookmark: _Toc69913516]Table 11 Sprint 4 retrospectives


	AGENDA
	WHAT WENT WELL
	WHAT DIDN’T GO SO WELL
	REMAINING QUESTIONS

	Milestone 5 – UI improvements
	· FR21 – A slider has been added to the palm menu which rotates the tower.
	· FR16 – The user menu does not work so well with Oculus controllers. It feels as if it is unresponsive and awkward to activate.
	· FR16 – How do we make the Oculus controller menu work better? Can we just map features of the menu to a button?

	Milestone 2 – Tech Setup
	· FR4 – Oculus controllers have been integrated such that mapping controls is possible. Pushing and grabbing is possible.
	· FR4 – Pushing blocks by shoving them with an Oculus controller is not ideal.
	· FR4 – How could we implement a new push function for controllers? Maybe have a button cast out a ray that stops short you can push with?


[bookmark: _Toc69913517]Table 12 Sprint 5 retrospectives
Appendix 12 – Statistical Analysis of Final Test Data
	
	Gesture Controls
	Oculus Controls

	Question / Statement
	, Mean 
, Standard deviation
, Median
, Mode
	Mean
Standard deviation
Median
Mode


[bookmark: _Toc69913518]Table 13 Format for which the NASA-TLX and UEQ-S results will be presented.
	
	Gesture Controls
	Oculus Controls

	Mental Demand (1 = very low demand, 10 = very high demand)
	 = 3.67
  = 1.68
3
No mode
	3.33
  = 0.94
4
  = 4

	Physical Demand (1 = very low demand, 10 = very high demand)
	4
  = 1.41
3
  = 3
	4
  = 2.16
3
No mode

	Effort (1 = very little effort, 10 = a lot of effort)
	5.33
  = 0.94
6
  = 6
	4
  = 0.82
4
No mode

	Temporal Demand (1 = very little demand, 10 = very high demand)
	5.33
  = 1.25
5
No mode
	4
  = 1.41
3
  = 3

	Overall Performance (1 = very successful, 10 = very unsuccessful)
	4
  = 1.63
4
No mode
	4.33
  = 2.49
5
No mode

	Frustration Levels (1 = very frustrated, 10 = very content)
	5.67
  = 1.70
5
No mode
	7
  = 0.82
7
No mode


[bookmark: _Toc69913519]Table 14 Comparison of NASA-TLX results between gesture and Oculus controls (range of values 1-10)

	
	Gesture Controls
	Oculus Controls

	The product was obstructive to use
	2

2
  = 2
	2.33

2
  = 2

	The product was complicated to use
	2

2
No mode
	1.33

1
  = 1

	The product took a lot of effort to use
	2.33

1
  = 1
	2

2
No mode

	The product was confusing to use
	1.33

1
  = 1
	1.33

1
  = 1

	The product was boring
	1.33

1
  = 1
	1.66

2
  = 2

	The product was uninteresting
	1.66

2
  = 2
	1.33

1
  = 1

	The product stuck to conventions and was not inventive
	2

2
No mode
	3.33

2
No mode

	The product was typical and not leading edge
	1.66

2
  = 2
	2.66

1
  = 1


[bookmark: _Toc69913520]Table 15 Comparison of UEQ-S results between gesture and Oculus controls (range of values 1 = highly disagree, 7 = highly agree)
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