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Physics-based Extended Project case studies
Galaxies
Initial research
Marisa's A-level courses included physics and computing, with maths to AS level.  She had a keen interest in astronomy, having studied the subject for GCSE, and decided that her EPQ should be astronomy-related.  
Marisa wanted her project to include some data analysis.  By talking with her astronomy teacher she learnt that some professional astronomy databases are being made publicly available, so she visited some websites to find out more. She became very interested in the Team Keck database which provides images of many hundreds of galaxies from deep-sky surveys together with other information including their spectra and redshifts; she decided to do something on galaxies for her project.    

To help her decide on a specific research question, Marisa read articles in astronomy magazines and visited a range of websites. One of the magazine articles suggested that mergers between spiral galaxies resulted in the formation of elliptical galaxies, so perhaps the relative proportions of elliptical and spiral galaxies might change with time, with ellipticals becoming more common.  Marisa thought she might be able to investigate this suggestion using the database.  Her research question was:

Are galaxies becoming less diverse as the universe ages?
In order to investigate the question and give her project a clear focus she proposed a hypothesis that she could test:   

The percentage of elliptical galaxies will decrease with increasing redshift.

Organisation and planning
Marisa started her project in the autumn term of Year 12, and her final report had to be completed by the start of the spring term in Year 13. 
She spent most of the first term reading around her chosen topic area and refining her research question, as well as taking part in a range of class-based activities designed to develop research skills.  Having decided what to do for her project, she planned to use the spring and summer terms for using the database and for further literature research.  She planned to finish her research and write up her report in the autumn term of Year 13.

As Marisa did not need access to a lab, there were few constraints on how she used her time.  But in discussion with her supervisor she realised that she still needed to break down her project work into manageable stages with intermediate goals, so she set some milestones which included completing her literature review by the end of the summer term in Year 12.        
Data analysis 
To begin her data analysis Marisa first had to decide on a sample of galaxies for her study.  From the Team Keck website she selected a large sample of galaxies that were all in the same small region of sky and had a wide range of redshifts.  One of the first things she needed to do was to classify each galaxy in her sample, so she consulted published literature sources to find out how galaxies are classified according to their appearance.  
Marisa set up computer software to streamline the process of copying data into her own spreadsheet database, but she had to examine each image in turn by eye in order to allocate it to a class; this took a lot of time. As she worked through the database, she found that the redshift measurements varied in the uncertainty assigned to them, and she noted this information in her own spreadsheet.

As she worked through the images in her sample, Marisa noticed that some seemed to show two spiral galaxies in the process of merging.  Related to her first hypothesis, she wondered whether such mergers would be more common in the early universe, when galaxies were closer together, and (perhaps) there was a greater proportion of spirals.  This led her to propose a second hypothesis:

The percentage of images showing merging galaxies will increase with increasing redshift.  
Further research

As Marisa continued her literature research, she read about the conflicting predictions made by the Big Bang and Steady State theories of the universe. and how observations of very distant objects had helped resolve the controversy. She also found out about various theories of galaxy formation and their differing predictions of how the relative proportions of different galaxy types would change over time.  
She was intrigued to read that some recent surveys of distant galaxies indicate that rare 'red spiral' galaxies (with an unusually  high percentage of old red stars) might have been more common in the past. Marisa emailed an astronomer at a nearby university who helped her find out more about these unusual galaxies.   She wondered whether her own database might reveal a similar trend so she proposed a third hypothesis:

The percentage of 'red spiral' galaxies will increase with increasing redshift. 

Conclusion and evaluation
Having completed her database, Marisa plotted graphs to show the percentages of various types of galaxy in different redshift ranges.  She then used the graphs to say whether her three hypotheses were supported by the data. A possible weakness of her project was that she did very little statistical analysis of her data, so she was unable to quantify the extent to which her data did, or did not, support her hypotheses, nor did she discuss the effect of the uncertainty in her classification or in the redshift data.  
Marisa's report was very wide ranging, reflecting her clear interest in her project topic and including accounts of the theories and controversies that she had come across in her literature research. One of her project's strengths was the range and depth of her literature research and the way she linked her wider reading to her project question and hypotheses.   Another strength was her curiosity, and her ability to identify and investigate interesting questions that arose as she worked on her project. 
In her evaluation, Marisa noted that she had gained valuable experience in using computer software, and that her communication and general research skills had improved. She also noted that she had become quite an expert in classifying galaxies.    
Supervisor notes
A project involving the collection and analysis of data would be classified as an Investigation/Field Study and entered for Unit 2 of the Edexcel scheme.  The other awarding bodies for EPQs (AQA, OCR, WJEC) do not distinguish between different types of project.  
The project described here used data from a publicly accessible research database. Such databases are a rich source of material for science-based projects.  If using such data, it is important that students makes their own decisions about how to select and analyse the data and do not simply repeat published work.  

To give a clear focus to an Investigation/Field Study project, it can be very helpful to propose a hypothesis – as Marisa did – that can be tested through the collection and analysis of data.  
Discussion points
1
How would Marisa have applied and extended her knowledge and understanding of physics as part of her project work?
2
EPQ examiners have identified three dimensions in which a project might demonstrate extension:

deepening understanding (e.g. exploring a topic in greater depth than required for A-level);

broadening skills (e.g. practical skills, data analysis, critical thinking);

widening perspectives (e.g. ranging over two or more subject areas; ethical or social implications).
How would Marisa's project demonstrate extension in one or more of these dimensions? 
3
It is said that good research starts with asking good questions.  What features of Marisa's project illustrate this aspect of research?    
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