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[bookmark: _Toc138623691]The research philosophy
A research philosophy is key to any successful project that entails research of any calibre. While conducting some rudimentary research into my chosen topic area I encountered several possible issues of which I may find solutions to. [1]
For example, data centres output excessive noise pollution for any residents who live near them, regarding solving this problem I can take two approaches firstly an axiological one, to consider the value of the lives of the people living near data centres that my project may affect in an ethical manner.
I must also consider the ethical ramifications of the affects these data centres have for example the impact they have on the planet in terms of energy consumption, water consumption, and impact on local communities.
Addressing the energy consumption, beyond just cooling a data centre will have a vast demand for energy, this is to meet the demands of consumers so that their data may be available anywhere anytime, the goal often being 99.999% of the time (high availability) also known as five nines. [2]
As such data centres are very redundant in design. Thanks to all this the energy demands are immense. Accounting for 0.3% of total global CO2 emissions. – find MIT press release for this 
However, a solution lies within my innovation. By thinking pragmatically and using old or even new consumer technology networked across a cloud like network I can systematically reduce demand for large data centres, so long as you opt into my concept with any 802.11g/802.11n [3]enabled device with a storage medium of around at least 5gb that has a constant power supply (I/e) plugged in overnight I can address the needs of high availability while also keeping energy consumption no higher than if these devices were being used as normal. Hence reducing both energy consumption and addressing the noise issue with residents. Put simply I use the consumers to address demand.
[bookmark: _Toc138623692]Water usage, addressing the issue.
 Data centres often use evaporative cooling to maintain an ideal ambient temperature for modular server equipment as well as any other forms of physical platforms hosting applications. To prevent a cascade failure of cooling or “thermal runaway” servers rely on air conditioning units, these require a lot of energy to run. Evaporative cooling works by pumping ground water up into a spongey filter medium that is then chilled, arterioles of pipes then flood across the data centre against server racks to act as a heat sink.
Again, taking on that hacker like pragmatic mind, a simple solution may be found, using a principle referred to as “free cooling” relocating any needed data centres closer to the arctic circle. Countries like Scotland, Ireland, or any Baltic regions provide far lower ambient temperatures and as such less need for water to be used to cool server equipment down for evaporative cooling, as well as also addressing power consumption, this may also help relieve those living near data centres as urban environments provide a warmer microclimate, as such no data centres should be near these residential areas.
I must also address the ethical demands of storing data across a cloud network globally, here the mindset of axiology regarding ethics comes into play. 
My idea utilises the cloud across many different devices, this is a huge security issue. Following from the survey regarding cloud trust, from a positivistic standpoint a solution lies in spreading the data across many pods so that is AES and SSH protocols are not sufficient many pods must be breached for any meaningful data to be pulled.
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Where one gathers their research is arguably the most important step, and understanding where valid and relevant data or arguments can be found may be the difference between a great paper and a good paper. 
In this case the UWTSD library provides a fantastic starting point to any would be research.
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Upon entering the website, you are greeted with the above landing page.
From here you can begin finding articles journals, or even filter for individual books.
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It can also be used to find databases, useful for when you find them in google scholar.
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The UWTSD Library’s database(s) can also be linked to Google Scholar, allowing me to search with keywords and find items in the library through google Scholar:
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Before even beginning my project stepping back and forming some topic questions around cloud computing may be prevalent [4], this will help me identify what resources will be needed or where to start looking for what I need by forming some basic keywords, or indexed terms. Ideally 2 to 4. [4]
By breaking down a research question I have formed like “Why do cloud data centres use so much water?” I can form a few keyword(s). Such as “Cloud, Datacentres, Use, Water” This will filter down potentially tens of thousands of articles into a few dozen. This will ensure that all the information I find relates to the cloud, and specifically data centres, use identifies that I am looking for usage cases for water, and water just signifies that this is the only resource I am concerned with.
If in a question such as “Can many devices make a supercomputer” you get the keywords. “Many, devices, supercomputer” And find that the results aren’t filtered enough try “Blowing up” the keywords.
[image: A picture containing text, screenshot, font, diagram

Description automatically generated]
Like the example seen above, now I can filter for some alternative search keyword(s).
This will allow me to start looking for those “known knowns” and filter out the “known unknowns”. 
Using Google Scholar and searching by the above keyword(s)
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I was able to realise that my idea falls more so on the concept of “cluster computing” allowing me to optimize my research question.
Now I understand that cloud computing is based on this model proving that it is feasible. [5]
The use of Boolean search terms such as NOT, AND, OR can also be used for including or excluding certain areas, such as.
“Many devices cloud-computing NOT cluster” 
[bookmark: _Toc138623697]Framing a question, forming a hypothesis
This is either a declarative statement or a mathematical one, a declarative statement for impact data centres have on CO2 emissions may look as so. “I hypothesize that a data centre will inversely impact CO2 emissions as the amount of data centres is directly proportional to the amount of CO2 increase seen in the last 15 years” This proposes two variables, one of which impacts the other, stating the relationship between them and a time frame. [6]
Mathematically may be proposed as such “H0: μ ≤ 15” This means that if CO2 emission levels do NOT increase proportionally in 15 years with number of data centres, then it must occur either in or more than 15 years. Else reject hypotheses. [6] [7]
So then, a null hypothesis, this quite simply assumes the relationship between two variables, for example. [7]“Can cloud computing across reclaimed devices lower the need for more data centres?”
This follows the if then principle, I/e if “cloud computing across many reclaimed devices lowers need for data centres is true” then less data centres are needed predicting the result of the hypothesis, vice versa if false then the demand is increased or remains constant, again predicting the result.
This would allow me to then research a method into reducing the impact of data centres.
Like so “If larger data centres are built in the arctic circle to exploit free cooling will the ecological impact be reduced?” 
H1: μ > 6 – I expect impacts to environment to decrease in a period of over 6 years. [7] [6]
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In summary of this flowchart a good research question must be
· Focused
· Researchable
· Feasible – can it be done within a certain time frame.
· Specific
· Complex – Not answered by simple research or a yes and no question.
· Relevant
It’s never possible to include every single piece of research, there are more articles published every day than you could sift through in even a lifetime. As such the research question should act like a handrail to guide you through which articles are worthwhile and relevant to your research. This is avoiding an “Absent question”. [8]
[bookmark: _Toc138623700]Comparing quantitative and qualitative research methods for the final project
Quantitative data is the measure of value, and the information is presented in numerical form, whereas qualitative data is presented in types such as names or symbols even words. More so dealing with categorical variables. [9]

Regarding qualitative data gathering the primary method for this will be secondary data collection from secondary sources [10], these being reports, records or databases as seen previously in this document. Items such as reports from residents living near data centres, employee accounts. Third party reports on the consumption of resources for data centres etc.
Many of the questions in my surveys will also feed into qualitative data gathering as they more heavily lean on open ended questions. Such as “What is your understanding of e-waste” this data collection method serves to gauge understanding of a topic area which will help me breakdown and analyse some of the quantitative data I may get, for example if no one understands what e-waste is, how can I trust the graphed data that says, “we are doing enough to reduce e-waste”. If many people answered “very little”
Quantitative data, do you think enough is being done about e-waste?” closed-ended questions offer a fixed set of options, I/e 1-5 disagree to agree,
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Figure 1
Quantitative data is the process by which numerical data is collected and analysed, as seen in figure 1 I have taken a set of data, seen in figure 2.
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Figure 2
Performed some calculations to get a total and presented it in a graph for analysis. This is a perfect and simple example of taking a closed ended question and turning the raw data into information.
[bookmark: _Toc138623701]Strategies to enhance viability, reliability, and generalisability of research methods.
Clearly defined research objectives and research questions. This ensures that the research project does not lose its focus. And that the methods stay aligned with the research goals.
Choosing representative examples, for example if the goal was to study the effect that modern cloud computing has on residential areas and the environment, I wouldn’t interview someone living 100 Km’s from a data centre, it’s also important to use random sampling techniques wherever possible to mitigate biases as much as possible.
Ensuring that the statistical analysis techniques used are sufficient to analyse collected data based on the type of research you are performing, for example a lattice square to measure biodiversity would not be of any use in a computational study.
Another key item would be the consideration of external factors that may influence your analysis, I/e if you were investigating water usage of a data centre and the data centre was shut down or the air was cooler than normal your statistics may be subject to limitations, understanding that is key to a good investigation.
Regarding secondary sources gathered to ensure I am finding the most appropriate source each item must undergo the CRAAP test, this being, Current, is this up to date? Relevant to the investigation? Authority, who wrote this, why? Accuracy, is there evidence and citation to support this? Purpose what was the motivation behind this source? [11]


[bookmark: _Toc138623702]Designing a data collection method…
The first part of my data collection method will entail two main surveys, the first survey’s aim is to garner the general public’s interest and understanding in the cloud as a concept, the main aim is to understand the negative aspects of the cloud, I/e noise pollution or water availability issues, any other factors such as land value are all welcome.
The second survey is to be taken after the first and has a sole purpose of understanding if people are willing to undertake the proper procedure in recycling their old technology, this is to test if the research around this I have gathered holds any merit. From here I want to see the viability of a tech reclamation project to help supplement my innovative idea, in a sense I wish to see if there is a market for my idea.
The third method I will use for the collection of data will be the gathering of secondary sources that have been analysed as stated above. Items such as statistics on power usage followed by sources that explain in detail what the power usage is for, quantitative data supplementing qualitative data. This will be an effective way to gather evidence to support what any primary data I gather shows. For example, if I measured the power usage of a small data centre and compared it to a single pod of equivalent power from my idea, I could use that to support my original hypothesis that this innovation will decrease the impact of data centres on the environment.
[bookmark: _Toc138623703]Links that may be of use:

https://ieeexplore.ieee.org/abstract/document/6028683
https://www.sciencedirect.com/science/article/pii/S0167739X17302224
Quantitative and qualitative data | Australian Bureau of Statistics (abs.gov.au)
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Luke Redmore E-portfolio (google.com)
Published version in case problems occur:
https://sites.google.com/view/lukeredmoree-portfolio/home 
[bookmark: _Toc138623705]Evidence of engagement:
[image: A hand holding a light bulb

Description automatically generated]
[image: A collage of a person and a child

Description automatically generated with low confidence]
[image: A group of people working on laptops

Description automatically generated with low confidence]
[image: A picture containing text, screenshot

Description automatically generated]
[image: A picture containing text, screenshot, font, design

Description automatically generated]
[image: A picture containing text, screenshot, font

Description automatically generated][image: A picture containing text, computer, multimedia, screenshot

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated with low confidence]
[image: A picture containing text, publication, screenshot, bookcase

Description automatically generated]
[image: A person writing on a whiteboard

Description automatically generated with medium confidence]
[image: A close-up of a questionnaire

Description automatically generated with low confidence]
[image: A person writing on post it notes

Description automatically generated with low confidence]
[image: A close-up of a person

Description automatically generated with medium confidence]
[image: A picture containing text, screenshot, font

Description automatically generated]
Evidence of portfolio should error occur.
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© You have completed Section 2!

You should now be able to identify concepts used to
describe the progress of technology and innovation.
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© You have completed Section 1!

You should now be able to:

« Recognise the link between creativity and feelings
of wellbeing

« Identify ways in which you can reclaim your
creative confidence or inspire creativity in others.
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© You have completed Section 2!

Upon completion of this sub-section, you should be
able to:
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« Define your research philosophy using this
terminology

+ Understand how your philosophy can impact your
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® You have completed Section 3!

Upon completion of this sub section, you should be
able to define your research philosophy as one of five
constructs.
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© You have completed Section 1!
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of what is known in your area of research.
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© You have completed Section 1!

A systematic way to walk through the literature on
your chosen subject that, with iteration, will lead to
the epiphany moment of the direction of your
research.
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© You have completed Section 2!

How to create a series of testable questions that,
once answered, will further the understanding of
your research question.
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© You have completed Section 1!
You should now be able to demonstrate an

understanding of the difference between the forms
of logical argument and judgement.
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© You have completed Section 2!

You should now be able to demonstrate an
understanding of the purpose of research and
recognise the importance of reading around the
subject.
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© You have completed Section 3!

Now you have completed this resource, it is
important that you take some time to reflect on what
you have learnt in relation to the research
methodology.

You should understand the different academic
methods that you will use to conduct your research.
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A3 such dats centres are very redundnt in design. Thanks £ 3l his the enrgy demand are immense. Accaunting for 3% o ttal gabal CO2

However, 3 solution s within my innovation. By hinking pragmarically and using od or even new consumer technology necworked 3cross 3 cloud
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Water usage, addressing the ssue. Data centres often use evaporative cooling t maintain an deal smbient tamparature for moduar server
eauipment a5 well a5 3ny other forms of physical placforms hosting applications. To pravent a cascade falure of cooling or thermal runaway” servers
ey on aif conditoning unt, these require ot of energy o run. Evaporacive cosling works by pumping ground water up nto 3 spongey fiter
madium that s then chillad, arterioles of pipes then Ao0d SCross the dats cantre againet server racks to act = = heat sink.
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