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[bookmark: _Toc10238083]Introduction and Background to the Proposed Research

This section will introduce the research topic and the background context. The surrounding and supporting literature will briefly be considered and the aim and objectives will be addressed. Additionally, this section will indicate any expected outcomes that are believed to result as a consequence of this project.
In recent decades technology has been increasing rapidly and technological revolutions have changed the world we live in. Through modern technologies we have seen the world become ever more connected through the internet, and ever more connected to the technology that enables us to do so. In the past decade particularly with the introduction of smartphones, individuals have become more connected to the rest of the world than ever. Smartphones have enabled us to communicate with one another, to check emails, and to browse the internet on the go, without being tethered to a static machine; which itself was only revolutionised in recent years [1]. The majority of the world’s population is connected at almost any time and place, through the touch of a few buttons [2]. With that being said, now that so much information and connectivity is at our fingertips, the smartphone has been considered as an extension of one’s self. We use planners to keep track of our time, messenger applications to keep communication, search engines to acquire knowledge; on demand, and various other utilities, all of which we rely on our smartphones to assist us in doing. It is easy to comprehend the concept of individuals and their extension of themselves (the smartphone) when you compare the capabilities of someone with and without access to their smartphone; without, immediately the individual has lost all immediate and possible communication with millions across the globe. Additionally, the individual’s knowledge and memory has been limited to the capacity of their own brain, as oppose to the entire internet and the knowledge therein and the memory of the smartphone device. Individuals, therefore, rely on their smartphones ever more so for knowledge, memory and communication rather than themselves so it could be fair to regard the smartphone in such a way. 
With smartphones well established in daily life, we are more connected than ever, so it might be a surprise to even consider the possibility that we may not be connected enough. Moore’s Law says that processing power and speeds increases with every year, so with this in mind one can predict that technology will continue to advance [3]. Whilst all of this technological advancement might lead one to argue that we are connected enough, it can also be argued that we may not be. Consider the time it usually takes for a device to connect and communicate with another device. These devices can be from two different networks that could possibly be on the other side of the globe. Then, in relative terms, the time taken for a human to communicate with a smartphone (and more generally a computer) is considerably slower. This communication is referred to as Human Computer Interaction (HCI) and incudes the most common and traditional methods of mouse and keyboard, touch screen technology, and more recently, speech recognition technology. These methods are bound by the speed at which a user can interact with a device to a very large degree, at least in relative terms compared with the speed of that of computer to computer communication. Mouse and keyboard can be considered one of the easiest ways in which to communicate with a device but require the user to type and click their inputs in order to do so. Likewise, touchscreen technology enables users to interact in a more intuitive way, but compromises in terms of language input. Speech recognition technology is a considerable step up in terms of communication speed and has potential, but readily available forms are not particularly easy to use or are as accurate as this technology could be. 


[bookmark: _Toc10238084]Electroencephalography (EEG)
Another interaction, and one that this research project will focus upon, is BCI and more specifically, the use of EEG headsets. EEG headsets are devices that use electrodes that are placed on the head to detect the brain’s electrical activity produced by its neurons [4], [5]. The activity is then recorded and can be digitally interpreted in order to present wave forms that represent the activity of the person’s brain, whom is wearing the device. These wave forms can depict various patterns indicating the user’s naturally occurring electrical brain activity for specific body movements, eye fixations and speech [3], [6], [7]. One approach that has been generalised for translating these patterns into control inputs is the technique whereby an algorithm is used to recognise specific patterns relating to body movements, eye fixations or speech of the user. The algorithm attempts to recognise these patterns from a series of preliminary training sessions in which the user exerts these actions in an iterative manner so that the algorithm can ‘learn’ the associated patterns. Once the algorithm recognises the induced brain activity, it can then be translated into a system control input [4], [5]. The process of this interaction involves no physical interaction between the user and the computer, rather it uses a more direct ‘brain’ computer interaction. This eradicates the need for such physical interactions that are used in more traditional HCIs and so this research project will investigate whether the effectiveness and speed of BCI from EEG headsets differs from those of traditional inputs.
With technological advancements making us more connected to the internet it seems natural that we also become more connected to the devices that enable us to do so. Although great progress can and has been made in the connectivity of devices, unless the ‘bandwidth’ of information communication between human and computer can be increased, connection speed as a whole will always be hindered. An EEG interface shows promise for adaptive human computer interaction with basic controls already being demonstrated in laboratory systems [4]. Studies suggest that with this technology a substantial amount of peripheral neural and muscle activity could be eliminated [4]. Not only would this be beneficial for most systems requiring input, but there could also be improvements made in the realms of assistive technology. There exists some indication that this is currently being used for those who are physically challenged, however there is further potential for assisting those with speech and language impairments (SLI) and possibly those with Autistic Spectrum Disorder (ASD) both of whom may find the traditional methods of inputs challenging. With these regards, BCI and specifically EEG could possibly prove to be a viable alternative not only for human to computer interaction but also for general communication for those individuals. 


[bookmark: _Toc10238085]Aim & Objectives
This project will aim to investigate the efficiency and practicality of BCI, specifically EEG technology, in comparison to more traditional methods, specifically, speech recognition technology. With the use of EEG software, I will aim to determine whether timed responses to pre-determined questions significantly differ to speech recognition, thus making communication and computer interactions for users more efficient. Ultimately, with determining the most efficient and quickest mode of communication a wide variety of individuals can benefit from. With these regards, the objectives and aims of this research project are as follows:
[bookmark: _Toc10238086]Aim
This research study will be conducted to investigate whether there exists a significant correlation between the two different input methods with regards to speed and time. It will be hypothesised that there is a difference in time, with favour being granted to BCI. The study will be conducted at The University of Wales Trinity Saint David.
[bookmark: _Toc10238087]Objectives
· Conduct a literature review that involves detailed and thorough investigation into surrounding and supporting literature of the topic at hand.
· Construct and adapt the pre-existing EEG software so that it becomes relevant to this piece of research
· Conduct an experiment to investigate whether there is a significant difference between the time taken to complete pre-determined questions for two different HCI methods that are EEG and speech recognition.
· Analyse and Evaluate the findings from the experiment to provide a response to the proposed hypothesis and, moreover, the objective of this project.
[bookmark: _Toc10238088]Expected Outcomes
On the completion of this research project it is expected that the construction and adaption of EEG software will facilitate the following experiment. It is also expected that a successful experiment and evaluation will lead to the objective being met with supporting evidence being revealed in the findings. It is expected that the project will be conducted such that, surrounding and supporting literature will have been critically considered, and that on a whole, the project and its documentation can testify and support the result presented.

This section has introduced the research topic to be investigated and has considered existing literature that surrounds and supports the research topic. The technology of EEG has been briefly introduced and described. The objectives and aims have been addressed and the focus has been set for the following section. In the following section the research methods will be outlined including the strategies employed to conduct this project.


[bookmark: _Toc10238089]Research Methods
In the previous section the research topic was introduced, and the aim and objectives were made clear. This section will explore the methodology of the research being undertaken and the philosophy and strategy therein. It will also set the scene for how these strategies are to be implemented along with the risks and limitations that are to be considered. This section will also cover the development methodology to be used and will also consider any ethical or legal complications that could arise as a consequence of the study and the approaches used. Finally, this section will describe the way in which the analysis of data will be completed and whether they suitably corelate to the aims and objectives proposed. 
[bookmark: _Toc10238090][image: page8image41768432]Philosophy

Figure 1. The Research Onion [8]
The research onion depicted in Figure 1, illustrates the different types of strategies, approaches and their affiliated philosophies, that might be considered when conducting a piece of research [6]. The diagram illustrates the realms of each philosophy and, layer-by-layer, the approaches and strategies that one would normally consider for that particular philosophy. 
The diagram depicts many different philosophies; however, this study will adopt a Positivistic one. Positivism in this context is an epistemology that encompasses the idea of knowledge being based on observation and/or experience of phenomena, from which objective experiments are conducted in order to observe these phenomena. Whilst it is common that research strategies tend to follow their respective philosophies, it is not always the case and strategies and approaches should be chosen to best suit the outcome of the research being done. For this research project, an EEG software headset will be utilised in order to measure and observe BCI, due to its nature, positivism was best suited to my project as it is this philosophy that allows research based on observations; in hope, that these observations can produce viable, quantifiable data. Through the nature of the research type, the project will akin to specific and precise data that will be used to generalise to a large population. Although there are other philosophies that a research study could assume, such as Phenomenology, the chosen one has been selected due to its grounds and the following approaches that fall under it.
[bookmark: _Toc10238091]Approach, Strategy and Time Horizons
This research project will use a deductive approach where the deduced theory will be hypothesised, and a particular set of three strategies will be used to then triangulate the yielded results in order to test this hypothesis. This approach has been selected due to the quantitative data, also known as hard data, that will be revealed in its course. Furthermore, it will be the result of exploratory research which involves the collection of preliminary data that will be analysed in order to testify for or against the research topic. As a consequence of the following strategies, the research undertaken will prescribe a ‘snapshot’ of data that will represent the situation for a particular point in time, this is referred to as ‘Cross-sectional’ research.
[bookmark: _Toc10238092]Document Review
One of the strategies chosen is a Document Review. This involves detailed and thorough investigation into surrounding and supporting literature of the topic at hand. The document will be created with the objective of identifying the existing research within the field and their corresponding researchers. The strategy will be used to create a comprehensive understanding of what areas have been explored and what factors that may need to be considered for the research being undertaken. The recommendations of any existing literature will be contemplated in order to refine the focus of the research and to help establish and confirm the basis for the remaining strategies and the overarching aims and objectives.
[bookmark: _Toc10238093]Software Development
Another strategy that will be used is the development and use of the pre-existing software that is EEG and subsequently the adapting of this software so that it becomes relevant to this piece of research. This software will be used and tested along with an experiment in order to observe whether it can be considered as a viable alternative to pre-existing traditional methods of HCI. A headset will be used to cater for this software and will collect data to support the experiment indicating the speed of BCI in the participants. Essentially, the development of this software is the basis from which the remaining strategy, the experiment, will yield its test results from ultimately testifying for or against the proposed hypothesis.
[bookmark: _Toc10238094]Experiment
The remaining strategy will be the experiment from which the data collection part of this project will revolve around. The experimental strategy was chosen for its ability to test whether a relationship exists between two variables, the independent and dependent variable. 				  
The aim of this experiment will be to investigate what affect BCI has on the time of which a set of questions takes to be answered and specifically the speed of human to computer interaction. This will be investigated in comparison to a more traditional method, speech recognition. In addition to this, the experiment will investigate this effect with considerations to be made for possible participants with Autistic Spectrum Disorder (ASD) and/or learning or language difficulties. This will be done in the hope to identify any distinct differences in results that appear between the two groups. The hypothesis of this experiment will be: -
The time taken to complete a set of questions is faster using BCI in comparison to a more traditional HCI speech recognition.
The independent variable will be the form of HCI whilst the dependent variable will be the time taken to complete the set of questions. Throughout the experiment, the control variable will be the participants involved. This will enable the results to be more valid and doing so will enable us to identify if there exist any alterations in the data. 
The set questions proposed for this experiment will be the Wide Range Ability Test 4 (WRAT4). This is a well-established and validated mathematical computational test which is an aptitude IQ test with established confidence intervals. The test is standardized from a sample of 3000 people who were regarded as being closely representative of the US 2001 census regarding several factors [9]. The test will be used therefore, on the participants of the experiment who will take the two comparable forms of this test. This test was chosen for its validity as a way of best challenging the participants whilst measuring the time taken to complete. Each participant will be timed, using a stopwatch from the start to the completion of the last question whilst using the EEG headset for one test sheet and speech recognition for the other. The two existing forms of the test allow for viable results. Due to the nature of the experiment and time to conduct each experiment, tests will only be run once for each participant. However, to allow valid results, the proper scoring of the WRAT4 will be utilised and tested against the confidence intervals with the aid of a qualified WRAT4 examiner provided by the universities specialist support team. On completion of the examination, each participant will also be asked to complete a questionnaire on attitudes surrounding the use of both HCIs, allowing my experiment to follow a mixed methods study, including quantitative and qualitative data collection. The participation groups will be selected via a screening that will be broadcasted throughout the university’s community in order to find volunteers. 
[bookmark: _Toc10238095]Risks & Limitations
During the collection of data, it will be considered that individuals who have volunteered for the experiments may belong to a vulnerable cohort of students within the university (individuals on the spectrum and individuals with learning and language difficulties) which has a significant proportion of student with such difficulties. Therefore, to safeguard the needs of these individuals testing will be performed with a member of staff present from the student support faculty of the university. Additional considerations are to be made for participants who may not feel comfortable whilst using the headset and so this will be screened for during selection and any of those who consent but still feel uncomfortable will be able to exclude themselves from the study. The experimenter will be blind to students who have a disability until after the tests have been performed in order to not bias any results collected. Participants from all aspects are included in the experiment to allow for better generalisability, however certain exclusion criteria’s have also been selected. 
· Must be able to speak English.
· Cannot have Dysgraphia (due to the nature of the experiments).
· Considerations will be made regarding how individuals have been diagnosed with ASD and Specific Language Impairment (SLI) for the validity of the results.
A limitation of the experiment might be that the EEG headsets may not be responsive enough to provide viable results or perhaps even work at all for some participants and so in such instances the result will be marked and will not be included in the analysing of results. These cases, however, will be factored into any conclusions made as to the practicality of the BCI technology.
Another limitation could possibly come as a consequence of unclarity of answers in the follow-up questionnaire and so this limitation will be aimed to be reduced by structuring the questionnaire such that its questions are clear and lead to closed answers where possible, as well as multiple choice answers made available in some questions to make it easier for those to answer.



[bookmark: _Toc10238096]Data Evaluation
The data collected in the research project will be both quantitative and qualitative as a result of the WRAT4 and the questionnaire that has been outlined in the strategies. Each of these types of data require different ways in which they are to be evaluated. The data obtained through the test will be collated and analysed using various data analysis methods, investigating any correlation that is present. The gathering of inferential statistics will be used to analyse whether the results have any statistical significance and considerations will made as to the possibility of Type I and Type II errors. The means of the result will be used, and T-tests will be calculated in order to help identify if they differ significantly.
 The answers from the questionnaire will be analysed via Thematic Analysis using Braun & Clarkes (2006) Methodology [10]. Overall themes will be coded from the data to allow for the emergent of true feelings towards to use of BCI/HCI technology. In addition to general feelings towards these methods, possible phycological affects experienced from each HCI may also emerge.
Ultimately, the careful consideration and analysis of both forms of data will help lead to conclusions to be drawn of the hypothesis of the experiment and, moreover, the aims and objectives of this research project.

This section has looked at the philosophy, strategy and approaches that will be used to conduct this research project. Each strategy has been outlined in how it will be coordinated, and the risks and limitations associated with each has been considered and discussed. Further to this, the way in which the results yielded from the study will be evaluated has been discussed. In the following section considerations will be made to the resources needed and the planning and management of the project.


[bookmark: _Toc10238097]Resources & Planning
The previous section included the strategies included in this project and the way in which the subsequent results will be collected and evaluated. In this section the resources needed will be listed and the planning and project management for the undertaking of the project will be considered.
[bookmark: _Toc10238098]Resources Required
The following resources are needed in order to complete the proposed research project.
· EEG equipment and software – in order to conduct the experiment.
· Laptop/Computer – in order to host the EEG software and interpret results.
· The Student Support faculty of the university – in order to assist in the experiment.
· Allocated space within the university – in order to facilitate the experiment.
· Access to an online library – in order to conduct a literature review.
[bookmark: _Toc10238099]Gantt Chart
To appropriately manage and plan the time taken for each task that is required to fulfil this project, a Gantt chart has been created and will be used to effectively work to management deadlines.
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