The following are examples of previous EMOY applications which were focused on STEM/Technological innovations in diverse ways.
1. Applicant: Richard Torres Molina
Module/School: CS5010, School of Computer Science
Themes: Education, Artificial Intelligence, e-Learning, Innovation 
Proposal:
Research Project – Esmarthu
I. Introduction
Last year, I took the module CS5010.  This module covers the theoretical background in artificial intelligence (AI) from Machine Learning, Search, Automated Reasoning and Bayesian probabilistic.   Therefore,  I  realize  that  this  subject  was  needed  to  improve  the  AI  techniques  applied  in my research project Esmarthu.  Esmarthu follows the vision to create more opportunities to children from developing countries such as Ecuador through education given their low performance in mathematics, lecture, and science.
II. Description
Esmarthu is an e-learning platform that improves the mathematical, computational and creative thinking in children from 6 to 10 years old with the use of an interactive intelligent tutoring system to give a personalized experience according to the student’s learning styles, with statistics to parents and teachers from primary schools.  Esmarthu is based on research presented at international conferences in the Czech Republic, Ecuador and the United Kingdom.
III. Innovation
The research in artificial intelligence and gamification started in Ecuador with the development of a machine learning application to predict the percentage of improvement in mathematics that the students from a rural community could achieve after playing a video game.  I was able to publish a scientific paper at ICAART 2019 [3].  In line with these, I chose the topic of the detection of students’ learning styles to improve their performance in mathematics as my undergraduate thesis project [5].  At the same time, my team and I have presented a research paper at IDEAL 2019 [4]in the United Kingdom about Smart Math (an e-learning application). After graduation, I founded Esmarthu [1], the innovation is that it recognizes automatically the student’s learning styles (Activist, Reflector, Theorist, Pragmatist) based on Honey and Mumford theory through the use of Artificial Neural Networks in mathematical Mini-Games.  As a master student in the University of St Andrews, the module CS5010 provided me with the theoretical resources to continue in my research.
IV. Stage Development 
In the upcoming months, Esmarthu will be evaluated with children from my home country Ecuador with three schools from different cities (Ibarra, Quito and Cuenca). The funding of this award will be used for the computational resources to test the web application.

V. Conclusion and Future work 
In the middle of the pandemic, it has been a challenge to have the agreements with the different institutions. However, children from low income backgrounds have been the most vulnerable groups affected in their studies.  I believe that Esmarthu could be helpful to improve the children’s mathematical and computational performance to motivate them to be the future leaders in technology and research.
2. Applicant: Haomin Li 
Module/School: MT2507, AH3130 (Schools of Mathematics and Art History)
Themes: Interdisciplinary, Art History, Mathematical modelling, Programming, Artificial Intelligence
Proposal:
2020 was doubtless an extraordinarily unprecedented year for people around the globe. As an international student coming from Shanghai (China, PR), I had to live under lockdown and confusion both in Shanghai at the beginning of year and in St Andrews from March to May. It was, indeed, a year of unforeseen challenges, but, personally, it was simultaneously a year full of brand new opportunities that took on various forms that I hadn’t known could exist. 
During my Sub-Honours years, which I had finished in May, I endeavoured to take an interdisciplinary approach to my intellectual concerns by taking both Art History and Mathematics. This combinatory choice seemed confusing to nearly all my friends, but as I explained to them, I was and still am attracted by the surprising similarities that exist between the underlying intellectual logics behind the two seemingly diametrically disparate subjects. As the influential Formalist Art Historian Clive Bell points out in his 1914 essay, ‘The Aesthetic Hypothesis’, the pure, detached, and even otherworldly ‘aesthetic experience’ of appraising art is strikingly comparable to the experience of solving a problem in the realm of Pure Mathematics. Although commonly regarded ‘obsolete’ nowadays, this theory still managed to persuade me into exploring this wondrous intellectual connection between studying Art History (‘appraising art’) and studying Mathematics.  
Keen on applying this intellectual thought in real-life projects, towards the end of Candlemas semester, I reached out to Mr. Vishal Kumar, CEO and co-founder of Photogram, a computational photography start-up based in London. Both interested in the combination of art, mathematics, and technology, we mainly discussed the possibilities of training an AI (Artificial Intelligence) to identify different diachronic styles of art. Taking a Formalist approach, I believe that each artist (or school of artists), each period, or each geographical region has their unique ‘mode of representation’ that distinguishes themselves from the others; in turn, these spatially and temporally specific artistic features could be translated and coded into a programming language in order to train the AI with an abundant pool of information (i.e. artworks of diverse spatial and temporal origins). After Mr. Kumar approved of this fundamental theory, Mr. Kumar started realising my idea by means of programming. Currently the project is still underway due to Mr. Kumar’s busy entrepreneurial schedule; however, I am very happy with my conception of this idea as it demonstrates my interdisciplinary creativity and innovation. 

Furthermore, I was able to clearly communicate my ideas to a person in a different field. The idea of establishing models and training AI came from the module Mathematical Modelling (MT2507) and the Formalist art theory came from my own thinking during the Sub-Honours Art History survey modules (AH1001, AH1003, AH2001, and AH2002) and was later affirmed by Clive Bell’s writings which I encountered in the module: Approaches to Art History (AH3130). 
As mentioned above, although I conceived the idea of an ‘Art History AI’, Mr. Kumar was mainly in charge of the data and coding parts which entail data mining and machine learning. I realised that, compared to Art History, my practical skills in coding were still lacking. Thereafter, in summer, I joined Summer Team Enterprise Programme (STEP) to improve my data analysis skills and my leadership skills alongside. As the deputy team leader of Byre Team B, we successfully finished the strategic consulting project and received the award of ‘Team Commendation’ from the STEP committee. What is more important is that I really learned a lot during the project. Having always been an introvert for as long as I could remember, I was able to push myself to speak more confidently and lead the team more assertively. Besides the role of deputy team leader, during this experience, I took charge of all the data analysis that the team had to undertake while other team members focussed more on other aspects. Through my role as a data analyst, I was able to train myself to become more critical and creative when it came to interpretation of data. STEP did not just guide me to improve one enterprising capability, but it spurred me to strengthen a multitude of enterprising attributes. Leading a team, I made myself an industrious role model instead of someone simply giving the orders from high up. The relatively challenging task of data analysis also reminded me that I always have to support the conclusion or decision with valid analysis of representative statistics. As a matter of fact, the very action of joining STEP is one that I took after consciously conducting a critical reflection of my own strengths and weaknesses. The MT2000 Python workshops really helped me build up my programming knowledge and skill that I employed in the process of data analysis. MT2507 and my past experience at mathematical modelling also prepared me for this real-life data-intensive project.  
Very recently, towards the end of Martinmas semester, I started working for a private art collector. This is a job that I really love and one in which I can mobilise all my knowledge from my Art History class — from my Sub-Honours Art History modules to my Honours Art History modules (AH3130 and AH4240 The Art of War: Battle, Paragone, 1400-1700). As an art advisor to this Shanghai-based collector, my job is to conduct research on emerging artists and their respective market prospect at home and abroad. Researching and constant report writing is the routine of the job; furthermore, whenever the collector is purchasing new artworks, I get to consult on the works’ artistic and financial potential based on the knowledge I have obtained at university, I can provide my opinions in order to make sure that the collector is making the optimal purchase decision, and I can actually become a part of the exciting transactions of amazing pieces of art. During the job, I can critically but freely transfer the seemingly unpractical knowledge of Art History to real-life art market. 


3. Applicant: Bernardo Domingues
Module/School: CS5040, School of Computer Science
Themes: Cognitive Psychology, Artificial Intelligence, Web Design, Content Design
Proposal:
I remember sitting on that lecture room and feeling overwhelmed by the thought that occurred to me: “all I was learning is sometimes used for harm”.
Context
I was having a Human-Computer Interaction lecture (CS5040) where we are taught how  to  use Cognitive Psychology to  make technology usable for people. That itself is a noble mission however, the more I have learned, the more I realised  some of these techniques are used to addict people  to  their  phones. Mobile  apps  like  Instagram, Facebook and Youtube increasingly use “techniques to  keep us  glued. …they point Artificial Intelligence-driven news feeds, content, and notifications at our minds, continually learning how to hook us more deeply— from our own behaviour” (Harris, 2019). As an aspiring web designer, I  felt lost. But technology has  brought us so many benefits. So I realised, making technology too addictive it’s not good, but make it accessible is.
I decided to take action and “design for good”. Research shows more than half of teens and millennials feel like they spend too much time on their phones and have taken steps to reduce it (Ballard, 2019). Furthermore, mobile   phone usage is directly correlated with sleep depravation, anxiety and depression. As so, I decided to use what I have learned from this module and interviewed a few students. Research showed many students wish to use some apps in a more balanced way but feel it is impossible.
From here, I designed an app that tackles the specific concerns people have and hopefully will empower them with more time and improve their mental health.
How
In the module we were taught how to understand what users need by researching them. As so, I have executed the typical product design process, from initial research (interviews, market research), defining the target market and creating basic prototypes to actually testing them on real users and design the final prototype. The all process is documented here: (PDF1).
What
The final product is a mental health app called Focus App. Its main feature is that the phone adapts to specific times of the day, depending if users wish t be distracted by their phones or not. Per example, night mode will turn off blue lights of the phone and stop notifications (so that sleep is not disturb). Focus mode can be used to study, work or just be present when with friends or family. It uses Artificial Intelligence to detect if messages are important or not and based on that decides if they are showed on the phone.
Criteria
In respect to the judging criteria, here is how I  believe I  have showed enterprising capabilities:
1) Creativity  and innovation:  Many apps exploit psychological vulnerabilities of the human mind to addict people. In order to fight this problem I had to also exploit them. Yes, however, most likely for the first time on mobile apps design, this was done not to addict people but instead to protect them – which arguably represents a paradigm shift in design. An example of this is that people don’t like to be offline because they fear they will miss something important, they feel anxious. Apps exploit this vulnerability by constantly notifying people of things that are happening inside an app, like a friend that liked our picture per example. Only by deeply understanding this I was able to create a tool that protects users by assuring that they will see the important messages if needed. Since taking human mental health into consideration when designing is not a common practise in industry, one can argue that it is an innovation.
2) Opportunity recognition, creation and evaluation:  In face of a very complicated problem that currently is not being tackled (effect of phone usage on mental health) I ideated over twenty possible solutions and presented them to students to collect feedback (PDF1);
3) Decision making supported  by critical  analysis and judgement:  In order to understand what  problems people have when “unplugging”, extensive research was undertaken. Collection of data came from a wide range of methods: from user interviews and secondary research to  a competition analysis. It was then critically analysed and put together to formulate “user personas” – typical users that have specific behaviours and needs – a concept learned in the module (PDF1);
4) Implementation of ideas through leadership: After concluding the design process, the final prototype was tested with real users in order to collect their feedback. From here, specific modifications here made. Now that the prototype is built, I wish to take this personal project as my dissertation project, so that I can programme the app and make it available to all students and people in general.
5) Reflection  and action:  This personal project helped me realise how much people lack tools to protect their mental health and how much responsibility designers have when creating digital products. It also taught me in a practical sense many of the concepts learned in the CS5040 module.
6) Communication and strategy skills: designing this mobile app was a process that followed a carefully elaborated plan. All stages of the design process were carefully prepared in advance so that students could be involved at all times and contribute to the final product. Communication happened in the form of informal and formal interviews, conversations and tests with several prototypes.
In sum, feedback was very positive and students said they need this app. The project was reviewed by professors and industry people that encouraged me to now move forward and programme the mobile application. So the next step is to programme it as my research project so that in September is live for everyone.


4. Applicant: Ethan Andrews
Module/School: BL4216, School of Biology
Themes: Drug discovery, Medicine, Innovation, Marketing, Branding,
Proposal:
BL4216, Structural Based Drug Discovery, culminated in a series of presentations with a simple yet intriguing theme–design a novel drug and sell it to an imaginary board of investors. Hearing of this project immediately perked my interest; with my background in science from my three years of biochemistry modules, along with my previous business experience from helping found and manage a student-run umbrella company, I finally had a chance to merge my two passions and skillsets into one end product. From the day this assignment was given, my team of two others (Peter Velickovic and Sarah Benstock) and I immediately got to work.  
We examined a plethora of potential diseases and decided on targeting pain, as pain management is in dire need of new and improved treatments. Once we knew our goal, it was then time to dive into the pharmaceutical science. We looked at existing painkillers, along with those that had failed, with one key question in mind: how can our drug be better? It seemed that every current pain treatment was plagued with issues; side effects, potential for addiction/abuse, ineffectiveness–no existing drug was free of problems. However, through our research we found some positive properties in different molecules that could be combined to make a new drug that would be complication-free. Basing our design on previous research, we created an opioid derivative that had specifically designed properties to enable it to function exclusively in certain tissue environments; essentially, the drug would only have an effect at the area that was producing the pain. If an individual’s back was hurting, our drug when taken would only activate at the specific back tissues that were the source of the pain signal. If someone were to take our drug with no pain present, there would be no effect on the body. Not only would this design drastically reduce our drug’s potential for abuse, but it would also significantly decrease the chance of typical opioid side effects. Through our design, we could deal with a majority of the issues that currently plague pain treatment and take a large step towards reducing the growing opioid addiction epidemic. We moved on to creating graphs and models to show how our drug could work, and that supported how our drug was an improvement on those that are used currently (Figure 1). 
Once we had the design, it was time to think business; this is where I knew I could shine, and I took on the company role of CEO for the biggest presentation. We started by doing the required pieces of the assignment; we created an imaginary company, Novera Pharmaceuticals, and a logo to match (Figure 2). We then drafted a rough business plan that would support our scientific data. However, I knew that in order to “sell” our drug to these investors, we had to think beyond what was asked of us. I started by designing a rudimentary website that would mirror what a real pharmaceutical company would have (https://ea6131.wixsite.com/novera), and then designed/ordered business cards which had a scannable QR code to access this website, which we could pass out during our presentations (Figure 3). I then thought about branding–as I learned with the umbrella company, branding is essential to successfully selling a product. However, a problem existed; I did a survey on word association and found that a large majority of people had an innate aversion to the words “opioid” and/or “fentanyl”–we had to do something about this to market our drug. It was common practice that this type of molecule ended in the suffix “-yl”. I realised that there was already an existing word ending in a similar suffix that we could use to remove this immediate negative association–and have a little fun–and thus our drug was named Daffodyl. I also designed a box which used smooth colour gradients in an attempt to solidify this positive connection (Figure 4). 
But branding wasn’t the only way I knew I could expand from the original assignment. I drafted a marketing plan detailing how our company would theoretically enter the painkiller market, utilizing healthcare organisations, prescribing clinicians, and the general public. I used Photoshop to make a patent (Figure 5) and create an imaginary Kickstarter that showed how we had raised the money to get us to the current stage we were at (Figure 6). I created an imaginary balance sheet and income statement, describing how we had “used” our money we raised so far and how we would utilize any future investments. My insight into marketing and finance helped me develop a convincing and practical narrative beyond the basic scientific information. 
All of these additional pieces were well beyond the initial prompt; no other group in the class drafted financials, made websites/business cards, explored branding, or made a patent. Expanding on the assignment did not feel like adding random additions in the hopes of bonus points, but rather a genuinely fun means by which to combine two of my passions which had been previously isolated. Weaving together an interdisciplinary narrative–combining scientific data with business insight and artistic freedom to guide the investors through our operation–felt natural as each piece fell into place, creating a storyline that could grip the potential investors. While all my colleagues excelled in their knowledge of the science, I feel my ability to integrate business, science, and some art, allowed me to take a step beyond; as in the real world, to truly sell a product scientific information on its own is likely not enough. We received a first on our project with one of the best grades in the class; but beyond grades, I found a way I could finally express both my scientific and entrepreneurial self. This project inspired me to pursue a new career path, and I have now accepted a master’s offer to study pharmaceutical and biotech entrepreneurship next year to continue this passion!
5. Applicant: Babs Khalidson
Module/School: CS5011, School of Computer Science
Themes: Artificial Intelligence, Machine Learning, Marine Biology
Proposal:
1) Background 
As an MSc Artificial Intelligence student with a Biomedical Sciences Bsc, I have always looked for ways to combine both domains in a meaningful manner. 
2) Learnings from the course 
Last semester (S1 2019), I took a module called Artificial Intelligence Practice (CS5011) whereby Dr Alice Toniolo taught us how to implement AI algorithms across the 4 main areas of AI: Logic, Search, Machine Learning (ML) and Uncertainty.  
ML is an area of most interest to me and it was through the ML assignment, that I decided to take things further. The assignment involved creating a helpdesk ticketing system that was able to predict which appropriate response team a customer should be assigned to based on their responses given.  This required us to optimise the algorithm’s parameters to improve its accuracy whilst comparing the results with other classification algorithms. From this assignment, I learnt how to set up a multi-layered perceptron neural network (ML algorithm), encode the dataset and then make predictions. These skills combined with understanding how to optimise an ML algorithm were essential for the next machine learning projects I worked on.   
3) Projects 
3.1) Deep Classification of Sharks, Belugas and Dolphins 
Problem:  
Monitoring the number of sharks, belugas and dolphins can be very useful for institutions that are concerned about climate change and species preservation. However, manually sifting through months of data can be time-consuming and labour intensive. Moreover, classifying aquatic animals poses several challenges such as background noises, distortion of images, the presence of other water bodies in images and occlusion (Rathi et al., 2018). 
Strategy:  
Aquatic life classification can be automated with the use of convolutional neural networks (CNNs), which are machine learning algorithms suited for image classification. herefore, I decided to create 3 image datasets from Google Images, where each contained around 250 images of Belugas, Dolphins and Sharks. After I cleaned the datasets by removing irrelevant images, I trained a CNN with the data and it was able to classify the fish with a 90.6% accuracy on the test data set.  
There is still room for improvement as this model could be improved with a larger data set, however, it still has some great use for saving time by automating manual classifications done by marine biologists in industry 
3.2) Deep Learning Detection of Alzheimer’s  
Problem:  
Alzheimer’s disease (AD) is an irreversible, progressive brain disorder marked by cognitive decline with no validated cure (De Strooper & Karran, 2016). Hence, a great deal of effort has been made by the scientific community to detect it early to slow or prevent disease progression (Galvin, 2017). Advanced neuroimaging techniques such as magnetic resonance imaging (MRI) have been developed to identify structural and molecular biomarkers (Veitch et al., 2019). Nonetheless, analysis of large-scale neuroimaging data sets can be time-consuming requiring specialists to manually look for features in images that represent at a stage in disease progression. 
Strategy: 
Like the previous project on aquatic animal classification, stages in Alzheimer’s can be predicted by CNNS using MRI imaging data. Knowing this, I acquired a +5000 MRI image dataset with an Open Database License (ODBL) from Kaggle, which contained 4 classes of images representing 4 stages of Alzheimer’s progression: Non-Demented, Very Mildly Demented, Mildly Demented and Moderately Demented.   
After that I trained, the CNN based on the 4 image classes. I initially got a prediction accuracy of 75% using ResNet50 (CNN model with 50 layers deep) without optimising the model. To improve the accuracy, I tried a different CNN model called ResNet101, which has been trained on more than a million images from the ImageNet Database, has 101 layers and can classify images into 1000 object categories. I also improved the accuracy by training the model multiple times with various parameters to find the optimal parameters. By doing so, I managed to increase the prediction accuracy to 97.2% 
4) Conclusion 
Machine learning has the power to not only save us time but also provide accurate (sometimes more accurate) predictions that can be useful across multiple industries. The two projects I worked on have the potential to become useful tools in industry that can help save the lives of aquatic animals and humans alike. Future work would involve using larger datasets and potentially building applications that would enable the CNN models to make predictions at a larger scale. 
6. Applicant: Devon Reigel
Module/School: Masters of Research: Neuroscience
Themes: Alzheimers, Educational Resources, Digital Media
Proposal:
My name is Devon Riegel, and I am a postgraduate student participating in the Master of Research in Neuroscience program. Last semester, I produced an informational video for my Masters course entitled “The Breath of Death: The Effect of Air Pollution and Climate Change on Alzheimer’s Disease Incidence.” This video was submitted for an assignment in which we were asked to create a TED Talk-esque video describing a new or innovative field of neuroscience. For my video, I discussed an emerging subfield of neuroscience and epidemiology research studying the effects of climate change and pollution on Alzheimer’s Disease incidence. My video was particularly creative and innovative for two specific reasons: my attention to detail for production value, and my analysis suggesting far-reaching implications of this research.
First, I spent a significant amount of time creating a video that would achieve a high calibre of production quality. I learned how to use a green screen for filming to create a video inspired by the production of the YouTube series, PBS Eons. I created my own illustrations and animations using Photoshop and PowerPoint respectively, and spent many hours editing the video myself. I wanted to create a video that not only fell within the guidelines of the assignment but also had high production and entertainment value so I could share the video online and reach people beyond the St Andrews academic community. I posted my video to YouTube after receiving my mark and have gained nearly 100 views. I hope more people find my video out of interest in this field of research, and I hope that whoever watches my video learns something new about neuroscience and Alzheimer’s Disease.
Second, in my conclusion in the video, I suggested that the results of this field of research could lead to far-reaching, positive consequences. I indicated that further understanding in this field could incite greater urgency to manage air pollution levels, possibly via changes to national or international policies managing the amount of pollutants allowed within a given urban area. While we were certainly encouraged to draw conclusions that extended beyond the research we presented, I feel as though my analysis was particularly innovative in suggesting the ways in which this field of research could extend beyond the lab. This field of research could potentially affect the lives of millions by enacting greater restrictions on acceptable pollution levels, which could in turn have a positive effect on Alzheimer’s Disease incidence and the global climate crisis.
In conclusion, I believe that my work in creating this video is exemplary of work that goes beyond the basic expectations I was asked to follow for the assignment. I believe that my video sets an example of high quality and accessible work that can be created by a postgraduate student that can be appreciated by a diverse population, whether or not viewers of the video  possess a background in science. By receiving recognition for my work by the University of St Andrews, I hope that more people watch my video and learn about this exciting field of research in a way that inspires them to think critically about the effects of global pollution and climate change.
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