User Interface Assignment.
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Introduction.
The area of user-device interaction and the sciences relevant to the communication of data/information has rapidly progress within the past decade. A large cause to this is the development of technologies and popularity of the systems this area leads to. This is not the only factor, as the theoretical development of human design principles are just as relevant now as they are required to adapt and developed to the new technologies.[2] 


Usability Review.

Positive Review. (Van-Gough-Museum)
Location sensed Audio Tours/VR/Displays.
Within the Museum hundreds of pieces of art and displays are presented and many aspects have more information to offer than what is just visible. This museum offers a multimedia guide which provides audio information allowing the user to receive a large amount of information.[1] Being a visual orientated display museum providing audio influences greatly the amount of information that a user can process. Research has been conducted which uncovered that human retina can transmit data at around ten million bits per second.(1) In addition to this humans sense of hearing can process around ten thousand bits of information per second, benefiting and granting the users the ability to absorb and process a much larger amount of information within a smaller time frame.
This museum also provides “Meet Vincent Van Gogh Experience”, a technology-driven immersive exhibition which brings the museum visually to the user without the need for them to physically be at the location.[7]This to an extent provides a virtual reality experience allowing the user to access the museum and direct through arrows within the screen.
[image: ]
This user interaction offers a variety of functions and methods in which to request and receive desired information. Once the arrow is clicked the user is taken to the next step within the program, although there is no set path and the user has full freedom in the direction in which the experience.
When an attribute on a screen is initiated it will present the relevant information linked.
[image: ]
A window will appear displaying textual information. There is often an audio button to allow a higher standard of accessibility for the partially sighted or blind. The layout follows many VR design principles and techniques which differ from the general standard accepted in UI development.[8] The audio version is provided in person with high quality headphones and presented in a variety of languages which provides high accessibility. The user interacts with this devices and program by physically moving their body into different locations within the museum in essence brining many displays, exhibits and models into one large user experience.
The heuristic style of the screen shown has followed many principles and rules relating to design providing accessible options such as language, easy viewable text and correct depth perception on where boxes may appear. The use of lighting surrounding the environment also contributes o easy of visuals and understanding, highlighting areas of interest while darken down background/unimportant elements.
User Experience Flow.
[image: ]
The main user interaction in the physical path relies on the movement and location of the user. Although a very effective way in which to interact constraints to network use are more viable in comparison to the virtual version accessed through the web.

Improvements.
 The user displays and interaction technique in which to convey information are at high quality within this museum. The rate in which information can be processed is high due to the multi-sensory input the displays posses while also providing a high standard and technical accessibility option with the remote access. 
An area in which improvement could commence would be the convergence of both technologies that have been spoken about. By providing the audio capabilities remotely, systematically programmed with the VR space like the real experience, this would result in a beneficial system offering a positive experience for the user.

Negative Review.  (Brunel Museum)
The Brunel museum sets out their exhibition and displays in a vary familiar format a the previously mentioned. With quick inspection of the user experience and accessibility issues around the displays it is apparent that design rules and accessibility factors had not been considered at a high enough standard. The experience dose not provide multilingual properties and although provides audio with external speakers the quality is low and distorted. 
[image: ]
The image shows a display within the museum, as you can see the textual display and writing is very small and even with a visual screen for emersion the quality is poor thus providing an experience which could be improved.

Improvements.
Many improvements that could be applied to this exhibition\displays are similar to the previous. Accessibility standards and understanding are very low, with the need to allow the company to prepare for deaf/blind people. The displays should be improved with a braille option and the addition larger text in displays with a redesign in how the audio and visual information is portrayed to the user. This is important as if designed and implemented well it can provide the user with a cinematic experience thus making the experience more positive.[20]


Usability Comparison/Conclusion.
With the first example the visual/audio and accessibility aspects of this user experience are very high, resulting in a large amount of information being transferred to the user in a comfortable and varied manner. The combination of high standard visual displays with audio information presented in a programmable way setting a path of information provides a high-quality user experience. A big difference providing the gap in quality is that the combination and interdependence of use of visual\audio stimuli which are very different. The positive review interacts with the user in a more personal manner by only sending the audio information that they require unlike the negative which by design in more ridged and can only be used at one time and may conflict with other environmental audio providing confusion to the user. 










Interface Evaluation. 
Introduction
A high-quality evaluation should follow heuristic aspects and in inspect how effectively the HCI should and will be. The main aim is to assess the extent and accessibility of the systems functionality and to assess the users experience of the interaction while identifying and specific problems with the system. Many factors are included in this with emphasise on the number of evaluators. Below shows the proportion of usability problems found in comparison to evaluators.
[image: ]
The information shows that essentially to provide a high-quality evaluation, a team of 6 – 10 evaluators are highly beneficial.[16] 













Empirical Testing.
 Implementing empirical testing will allow the research on efficiency to become visible by the use of observation whether direct or indirect. Below is a table with the questions to be included in this phase. 
[image: ]
The use of this form of evaluation and testing is very beneficial as it can display quickly the user’s mood and experience through the form of body language. This will also portray how effectively the system has been created focusing on aspects from design principles such as “User Control and Freedom”, Recognition Rather Than Recall” and “Error Prevention” from Jakob Nielsen’s set of principles. 



Usability/Cognitive Walkthrough.
A usability walkthrough is similar to the Empirical testing but allows for a more flexible factor’s.  
This will consist of allowing potential users, designers, and human factor experts to supply feedback. The interface will be presented to the group with questionnaires focussing on the pathway and walkthrough of the system. An important aspect is to provide a “cognitive walkthrough”” providing various scenarios with the interface representing the user performing the task.
This form of evaluating will provide a larger and more varied form of feedback.  By including experts in HCI and alternative designers, it provides a powerful interaction in which to observe.  This however is time consuming especially in the cognitive walkthrough and may also become difficult in attempting to gather and organise all types of evaluators within a small-time frame.[17]


Heuristic Evaluation.

The heuristic evaluation will focus on the cosmetics and visual attributes and the functionality behind them. Below is a table representing ten area in which to evaluate. Certain areas will have been covered by previous test methods the difference being in this event the developer and designers will be responsible for using and presenting the system and feedback.
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The presented areas within the image shown are based off Nielsen’s Heuristics and further developed by Rolf Molich.
[image: ]

By implementing Nelson’s principles it provides a large area in which to test the user experience while also being adaptive enough to relate to many formats such as interactive displays, visual/verbal interactions and is also relevant in line with the principles set for the development of VR/AR.


Evaluation Timeline. 
The process of evaluation is more effective when conducted in the correct order. This can prevent or lower repetition in testing thus saving time and resources. 
· Path Process Evaluation. (Focus on eliminating possible errors)
· Accessibility and Efficiency (Focus on efficiency of functions and how to access)
· Heuristic evaluation(As functionality had been observed cosmetic elements are assessed focusing on the aesthetics and minimalist design.
· Full User Evaluation with observations and questionnaire.


Guidelines + Accessibility.

Augmented Reality Evaluation. Smithsonian AR Display
The Smithsonian offers an AR experience by implementing it with its current displays. It transforms the skeletons of the animals n show into their original state. It is operated through a hand held viewing device which is orientated into the physical environment allowing for the information to be present wherever the screen an camera are pointing at.
The screen presented to the user had follow many rules and guidelines in its presentation.
[image: ]Original View

[image: ]AR Comparison

Accessibility Recommendations. 
The exhibits research both have potential for improvement in accessibility with the negative having a much large amount. To be able to provide high quality external accessibility it is essential to provide a method of access. The web solves this issue but possess many new challenges to web designers working in that field. Below is a list pf principle relevant to both user experiences if to provide a fully online experience mimicking the physical world.

[image: ][21]
In presenting information form the museums many of these standard should be implemented to ensure a large amount of accessibility measures are met with confidence.

















Virtual and Augmented Reality.

Immersive computing. 
With the progression of technology, immersive technologies are now at the forefront of development opening experiential information. It requires new approaches regarding its interactive and immersive features which requires the design of new relationships and narratives with the users.[3]

[image: ]
Virtual Reality. 
VR is a term is a term used for computer generated 3D environments that allow users to enter and interact with synthetic environments.[4]
In France the Louvre museum operates a virtual reality experience focusing on Leonardo Da Vinci.[6] This allows the user to discover history, creative process and techniques which before would require a physical attendance at the venue.

VR design Principles.
AS new technologies emerge, it requires time for development in the creation of good practices. Below is a table representing many rules and principles that differ from general designs of human-computer interaction.
	Principal
	Explanation 

	Use A Rectile
	A visual aid providing assistance in targeting objects. Unobtrusive and react to interactive elements within the environment.

	UI Depth\Eye Strain
	Focuses on legibility. Contrast, font size, spacing and depth of elements. Optimal VR distance for viewing is around 3 meters.

	Using Constant Velocity
	Constant and smooth motioning within the VR environment is required. A bad design can cause sickness and other negative effects. 

	Keep The User Grounded
	Include reference points within the environment. This aids the users understanding of the environment preventing disorientation.

	Maintain Head Tracking
	Movement should react in real-time in a smooth low-latency manner. Maintain at least one element in scene to monitor tracking.

	Light Guiding
	£dimension spaces create the challenge of drawing the users attention. Using light can indicate to the user an element or function.

	Spatial Audio
	A 360 audio format s required to provide high quality VR audio.

	Gaze Cues
	Implement Gaze cues to trigger passive interactions in the environment.

	Make It Beautiful
	Optimise visuals within the virtual world.


(2)(3)


Software/Hardware /Components Functionality.
To provide a VR/AR experience the user and developer/implementer require the correct hardware. This technology is quickly advancing with two brands dominating the market especially within the VR/AR gaming environments. 

HTC-VIVE. (Input/Output)
This version of equipment is of high quality. The headset developed provides a refresh rate of 90Hz with a 110degree field of view. The display panel presented to the user utilised OLED to display high resolution with low latency and high refresh rate. These aspects are very important to prevent sickness and other undesired effects stated by the VR design principles.

Controller (Input/Output) 
The controllers have a high range of varied input methods, providing a large amount of possible combinations and hot keys heightening accessibility and experience. It is highly reactive to the user refreshing the data between a range of 255Hz – 1kHz helping the velocity of the system stay constant and providing a real time experience allowing the user to feel fully immersed.

Base Station. 
Also understood as the Lighthouse tracking system which consist of two small devices which create a 360 degree virtual environment. 
Extra Components.
He companies that design these systems often provide additional components which are not required for the basic function of VR/R experience but can allow for better accessibility and user experience. Examples of these are external trackers which can be placed on real-world items and are then represented within the VR/AR environment.

VR Data Input/Interaction.
Below is an example of a commonly used input system.
[image: ]

Gaze Input.
Gaze tracking allows for hands-free text entry, initiation, and even movement within a virtual environment.[9] It is a common data entry technique within VR and is being rapidly developed.

Augmented Reality.
Augmented reality faces many similar challenges that VR has. As it sits in the middle of the spectrum shown in an image previously, it also incorporates problems its interpretation of reality in which VR dose not. Development tools are plentiful in this area with “Vuforia”, “Wikitude”, “ARKit”, “ARcore and AR Toolkit consistently being listed as the highest quality online. The first AR application was developed in 1960 by Ivan Sutherland and has since developed providing structure and practices along with it. 

In comparison to VR, AR design elements to consider are the physical components of the interface, the virtual visual and auditory displays and also the interaction metaphors which are used to connect both together. [18]
[image: ]
A paper written by a collaboration of universities reveal each area in which AR can be applied has its own challenges from marketing to tourism.[22]


Virtual Artist Kiosk/Welsh Heritage (National Art Museum Cardiff)
The interactive display will allow users to enter a virtual world within the museum with the ability to practice painting with a virtual instructor utilising technologies such as TiltBrush developed by google to allow a fully immersed social painting experience.[10] The environment will be selectable to the user either choosing an augmented design ie mimicking the museum or a real world location in which to inspire artistically for the task., or a virtual environment. An instructor will be augmented into the environment with the visual of past welsh artists in every scenario, interacting with the users and instructing them on how to progress with art. 
[image: ]
The image shows the direction in which the design and implementation of this project would take place.


Design Requirements.
· Allow users to enter a virtual world through the appropriate hardware.
· Produce a user-friendly virtual\augmented environment.
· Provided An Augmented Instructor.



Resource Justification.
	Hardware
	Software

	HTC- VIVE VR Headsets
	TiltBrush

	TiltBrush Compatible Controller
(Included)
	WebVR Environment. 



The resources chosen are justified and required to produce a high-quality experience while also being robust enough for daily use of the hardware. TiltBrush is a developed technology and is regarded a very high standard choice providing a high amount of functionality to the user.[11]  WebVR is a fast developing sector within the VR technology and can reduce costs in the creation of the virtual environment while also providing a high amount of scalability and functionally with potential for future development to uncover ground breaking techniques and technologies. By opting for this method over the general native VR maps it can allow for remote use of the kiosk and VR environment pending the user has the correct equipment at their disposal.[12] The use of hardware was chosen from previous research conducted to ensure quality in the equipment and that it can provide an immersible experience

Design Justification.
In design many sets of principles have bee standardised in the development of user-computer interaction. Many of these are still relevant in VR design with four UI developers setting separate list of rules and principles.
[image: ][13][14]
Used Principles.
To being with aspects of many heuristic paths were applied. This was because many of the rules will overlap in meaning rendering many of them obsolete. An essential rule implied was to keep the design minimalistic, only providing the essentials to the users, to prevent them from distraction as it may be a new experience to many and provide consistency and grounding to ensure the user dose not feel uneasy or over stimulated.
The resources used provide solutions to many aspects, areas such as track state latency reduction.
System Process Path.

[image: ]

The image portrays the system use, and the path in which the experience is given. Interaction with the equipment are explained before use of display, and further in depth with the augmented instructor.
The pop up box design will follow the previously research “Van Gogh” example as it is clear and follows many design principles regarding depth and lighting. Issues relating to text and languages will also be taken into account, using bold understandable writing for people who prefer to read the information or require to.
[image: ]
To use VR to the full extent it is also possible to insert a virtual instructor that can issue the instructions using sign language, without the need for a human possessing that skill.
The resulting experience would allow the user to emmerse themselves in multiple virtual or augmented realities and create imagy in a 3Dcontext as shown by examples of the software below.
[image: ]


Conclusion.
Virtual and Augmented reality essentially are invert reflections of one another. As augmented reality overlays the virtual elements, the virtual digital recreates a real-life setting. This area of technology is rapidly growing and the potential for use within medical, geographical, military and other posses’ great tools and methods for us to uncover. Challenges and constraints that are predicted to be met over the future development are being uncovered, with VR applications only covering a small number of domains, not all user appreciate or enjoy VR, over expectations and possible harm to health in regard to eye sight in particular.(4) Acceptability in general has been set and understood with rules, principles and procedures which bring structure and universal understanding in the technology and how it will develop. The technologies use allowed for many principles and rules to already be implemented and the choice of trustable companies to provide it ensures an effective and enjoyable experience.
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