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	William Mak College
Year 11 Physics, 2008
EXTENDED EXPERIMENTAL INVESTIGATION (EEI)
Context 1 – Moving on Wheels


Teachers: 





Name:_________________________________
Date handed out: 




Due date of draft: 
Date due: 

Stability of Bicycle
Preamble

Bicycles can be means of transportation, sport and leisure. Have you ever gotten on your bicycle and wondered how it works? When it is not moving it can not stand and it needs help for parking. However, once it is on the move, it will not fall. Who invented bicycle is mysterious. So do its stabilizing mechanisms. Likely, its stability is dependant on a combination of some mechanical parts and some phenomenon of physics.
Task
In this EEI your objective is to answer the question: “Why a bicycle is harder fall to the side if it is moving?” You need to make hypothesise(s) on the phenomenon. Base on your hypothesise(s), you plan, design, and manage experiments to prove your hypothesise(s). From the experiments you gather primary data for investigation and interpretation. Primary data can be manipulated to form secondary data for further investigations. By studying the data you may get ideas of how to modify the experiments if required. Ultimately, you need to make conclusion on you experiment and investigation.
You may undertake preliminary research prior to design your experiment. 
You are responsible for: 
· Maintaining a journal that catalogues the investigative process followed over the duration of the EEI. This journal should include designs that might not eventually be utilised. These initial considerations are an indication of how you have developed the final approach and an indication of the work done to complete the EEI. 

· Establishing the investigation by conducting a preliminary literature search to establish a research focus for the EEI and developing a hypothesis that relates to the research focus.

· Developing an investigative process for the EEI.

· Conducting and managing the investigation to ensure efficient collection of data in a safe environment.

· Analysis and discussion of data to identify patterns and trends. This may extend to developing models to explain collected data in terms of the underlying physics concepts and ideas.

· Evaluation of investigative processes used and consideration of the validity of the hypothesis in relation to the collected data.

Safety
In all phases of the EEI students shall remain vigilant in the enforcement of safety at all times. There should be safety concerns to all parties. These parties include the EEI undertakers, observers, and any other ones that may be affected during the conduction of the EEI.
(See Appendix 1 for Equipment Request Form and Safety Management)

Dates: 
Checkpoint 1 = Research to date, experiment setup proposal

_________

Checkpoint 2 = Preliminary trials & raw data



_________

Checkpoint 3 = Raw data from final trials & preliminary data analysis 
_________

Checkpoint 4 = draft report + draft checklist




_________
(See Appendix 2 for draft checklist)

You MUST complete the following statement relating to Student ownership and submit it, along with this task sheet with your final report.

STUDENT OWNERSHIP:

It is the responsibility of every student to ensure the work is their own. In Physics you will often be doing tasks in groups and sharing results, however the analysis must be completely your own. This particular EEI is essentially an individual project. You must not copy another student’s work and submit this as your own.

Additionally, plagiarism is not permitted. Plagiarism is copying directly from a reference source. To avoid this problem you are asked to translate the information into your own words, however you are still to acknowledge the source of this information by referencing.

I,                                          , declare that this EEI  is my own work and I have not copied other students’ work or directly from other sources. I have not gained unfair assistance from other parties such as peers, parents or guardians. I also agree to upload my final version to Turn It In by the due date.

Student’s signature:                                        Parent/guardian signature:                         

Further information

In order for you to complete this task you will need to be able to access computers, videos and calculators on a regular basis.

You will be expected to carry out experiments that have a control and variables which you can change in order to gain quantitative data that you can analyse and evaluate [perform some mathematical analysis / calculations on], in order to demonstrate understanding of relevant physics concepts related to the task.

NOTES: Motion can be largely considered to be 2-dimensional for this task. 

All assumptions and simplifications should be listed up front.
Group Work but Individual Report
Students can form groups to get primary data. However, interpretation of secondary data, calculations, and conclusions are to be done individually. 

Experiment Design

See Appendix 3 of this document for suggestions of experiment design of this EEI
The Investigation and the Report

See Appendix 4 of this document for scientific report writing guidance. 

Overview of Scientific Method


Some Concepts to Consider 
Some concepts that may be helpful:

	· Moment of Inertia, rotational inertia, 
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· Angular of momentum = 
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· Gyroscopic effect
· Precession
· Rake and trial of steering
· Acceleration (linear and rotational)
	· Centrifugal acceleration
· Efficiency 

· Momentum

· Friction 




Recommended Readings
Jones, D.E.H (1970). The stability of the bicycle. Retrieved September 19, 2008 from http://www.phys.lsu.edu/faculty/gonzalez/Teaching/Phys7221/vol59no9p51_56.pdf
Wolf, R (2007). Gyroscopes and Precession – Bicycling. 180-181 Chapter 11 in University Physics. Volumn 1. San Francisco: Pearson 
(Note: the above readings are just acting as help to start researching, students should read more materials before setting hypothesis and during the investigation)
Writing an abstract

Available at URL: http://www.rpi.edu/web/writingcenter/abstracts.html

Writing an abstract involves boiling down the essence of a whole paper into a single paragraph that conveys as much new information as possible. One way of writing an effective abstract is to start with a draft of the complete paper and do the following: 

1. Highlight the objective and the conclusions that are in the paper's introduction and the discussion. 
2. Bracket information in the methods section of the paper that contains keyword information. 
3. Highlight the results from the discussion or results section of the paper. 
4. Compile the above highlighted and bracketed information into a single paragraph. 
5. Condense the bracketed information into the key words and phrases that identify but do not explain the methods used. 
6. Delete extra words and phrases. 
7. Delete any background information. 
8. Rephrase the first sentence so that it starts off with the new information contained in the paper, rather than with the general topic. One way of doing this is to begin the first sentence with the phrase "this paper" or "this study." 
9. Revise the paragraph so that the abstract conveys the essential information. 

Your teacher will provide:
· Timely guidance and advice to get (and keep) your EEI moving. 
· Class time to work on the EEI. 
· A set of criteria sheets to guide your performance. 
EEI CRITERIA SHEET

Where concerns arise about the student ownership and/or authorship of a submitted task the school reserves the option to convene a panel consisting of a minimum of two teachers with a view to determining student understanding of the submitted material through an interview process.

SENIOR PHYSICS – EXTENDED EXPERIMENTAL INVESTIGATION (EEI)

(Source: North Bundaberg State High School, 2007)
Task-specific standards associated with exit criteria –  

Student Name : _______________________________________________                    Date:_______________________

	Criteria
	A
	B
	C
	D
	E

	Knowledge

And

Conceptual Understanding
	· All relevant and significant quantitative physics knowledge, principles, theories and concepts identified, explained and applied to the student’s specific investigation.

· Correctly explains and compares all relevant qualitative physics concepts and processes applied to the investigation process.

· Applies and links appropriate formulae and algorithms to find solutions in complex and challenging situations
	· Majority of relevant and significant quantitative physics knowledge, principles, theories and concepts identified, explained and applied to the student’s specific investigation.  

· Explains and compares the majority of relevant qualitative physics concepts and processes applied to the investigation process.

· Applies and links appropriate formulae and algorithms to pursue solutions in complex or challenging situations 
	· Quantitative Physics, concepts, theories and principles evident and applied to the specific investigation.   May include some that are irrelevant

· Explanation of simple qualitative physics processes and phenomena applied to the investigation process.

· Applies and links appropriate formulae and algorithms to pursue solutions in simple situations. 
	· Simple quantitative physics ideas and concepts replicated.

· Description of simple qualitative physics processes and phenomena applied to the investigation process.

· Applies formulae and algorithms to pursue solutions in simple situations.
	· Statements of isolated facts made in the information, which may or may not be relevant.

· Recognition  of  isolated qualitative physics processes and phenomena, which may or may not be relevant

· Applies given formulae and algorithms which may or may not be appropriate to the investigation.

	Investigative

Process
	· Formulates appropriate hypotheses and investigative aims that result in effective and efficient design of the investigation; as well as well-organized implementation of the investigation. 

· Identification, assessment and management of risk; adaptation of equipment and technology to gather, record and process valid data. 

· Systematic analysis of primary and secondary data to identify relationships between patterns, trends, errors and anomalies. Such analysis may include graphical, statistical, error, and mathematical modeling.
	· Formulates appropriate hypotheses and investigative aims that result in an investigation that collects data.

· Identification and management of risk; adaptation of equipment and technology to gather, record and process data. 

· Analysis of primary and secondary data to identify patterns, trends, errors and anomalies. Such analysis may include graphical, statistical, error, or mathematical modeling.
	· Formulation of questions and hypothesis to select and manage the investigation including the gathering of data.

· Assessment of risk; selection of equipment and technology to gather and record data. 

· Analysis of primary and secondary data to identify obvious patterns, trends, errors and anomalies. Such analysis may include graphical, statistical, and qualitative errors.
	· Follows a given plan (from the teacher or others) to conduct an investigation.

· Safe use of equipment and to gather and record data. 

· Identify obvious patterns, and errors.  
	· Follows given individual tasks (that does not necessarily lead to the data acquisition needed for a full investigation)

· Follows directions to use equipment safely to gather data (which may or may not be recorded).

· Records information.


EXTENDED EXPERIMENTAL INVESTIGATION –  Task specific Criteria Sheet - Continued.
	Criteria
	A
	B
	C
	D
	E

	Evaluating and Concluding
	· Systematic evaluation of complex scientific interrelationships by organising and collating material into meaningful patterns that can then be analysed. 

· Logical conclusions drawn from the analysed data and/ or outcomes of the investigation giving specific quantitative justification as well as exploration of possible further outcomes  and scenarios arising from the investigation. This may include refinement or redesign of the investigation or extending and generalising outcomes based on the analysis.

· Discriminating selection, use and presentation of scientific data and ideas to make meaning accessible to the intended audience. Such presentation includes correct spelling and grammar and in-text referencing together with full bibliography.


	· Evaluation of complex scientific interrelationships by organising and collating material into patterns that can then be analysed. 

· Conclusions drawn from the analysed data and/ or outcomes of the investigation giving quantitative justification as well as explanation of possible outcomes  and scenarios arising from the investigation.

· Selection, use and presentation of scientific data and ideas to make meaning accessible to the intended audience. Such presentation  typically includes correct spelling and grammar and in-text referencing. 

· 
	· Description of scientific interrelationships by organising information into patterns that can then be analysed. 

· Conclusions drawn from the analysed data and/ or outcomes of the investigation giving qualitative justification as well as description of possible outcomes  and scenarios arising from the investigation.

· Selection, use and presentation of scientific data and ideas to make meaning accessible. Such presentation  includes includes correct spelling  grammar and referencing. 

· 
	· Identification of simple scientific interrelationships. 

· Identification of scenarios or possible outcomes (with little or no reference to data)

· Presentation of scientific data or ideas in a range of formats
	· Identification of given scientific interrelationships. 

· Statements made about the investigation.

· Presentation of scientific data or ideas.

	.Overall Level of Achievement


TASK SUMMARY GRADE: 

	General Objective
	KCU
	IP
	EC

	Grade
	
	
	


Appendices

Appendix 1
EXTENDED EXPERIMENTAL INVESTIGATIONS.

Equipment Request Form and Risk Assessment.

Student/s name/s: ________________________________________

If you require any field or laboratory equipment to carry out you EEI, you need to complete this request form and give it to your teacher for approval.  You may then give the form to the laboratory assistant.

You will need to allow 24hrs notice, before the equipment can be prepared.  The equipment will be left for you on the bench either at the front or back of the laboratory. 

Laboratory Equipment Required

_______________________________________________________________________

Chemicals Required

_______________________________________________________________________

Field Equipment Required

_______________________________________________________________________

Safety Management.

Typical hazards that may be encountered in a science laboratory include:  chemical exposure (absorption through skin, inhalation, ingestion), explosion / fire, sharp objects, moving parts, heat/cold, electricity,  & infection. 

I / we have carefully considered the activities and equipment involved in my /our experiment. I / we have identified the following hazards and safety precautions that we will follow.  Tick as appropriate. 

Hazards




Controls to be Used.


Hazardous Chemicals [corrosives, flammables, toxic]

Wear laboratory apron











Wear safety glasses.









Wear disposable latex gloves.









Use fume cupboard. 

Heat / cold






Use heat gloves









Use of ‘HOT’ signs

Electricity






Work away from water, dry hands

Sharps







Wear safety glasses

Fire







Advise teacher before bunsen use. 
Approved by the teacher ___________________________________
Date ________

Appendix 2
EEI - Draft Report - Feedback Checklist 

(Source: Keogh, J. & Walding, R., 2007)
Name: 


Your specific request for feedback: 





Note: this feedback checklist should also be submitted with your final report.

	Aspect
	Areas that might need improvement (marked by a ()
	

	1. Task
	Awareness of the purpose of task.
	

	2. Subject
	You need to provide more detail in the following sections:
	

	matter
	
Abstract
	

	
	
Introduction

                      Aim

                      Hypothesis & Hypothesis Justification

                      Background theory
	

	
	
Planning and Preliminary Trials
	

	
	
Method
	

	
	
Results
	

	
	
Analysis of Results
	

	
	
Discussion:  critical analysis of investigation needs improvement ‑ including 
interpretations/ synthesis and evaluation and beyond merely restating the 
findings.
	

	
	
Discussion: include sources of error and account for how they would


Have influenced your final results and conclusions
	

	
	
Conclusion
	

	
	
Provide follow-on investigations that could be undertaken (with reasons) 
	

	
	
Bibliography  
- is not included.
	

	
	


- insufficient number of sources
	

	
	


- referencing style not consistent or contains errors
	

	
	Only include the most important and relevant information from your library research.
	

	
	You will need to include illustrations/tables.
	

	
	You need to provide evidence or a reference for your comment or claims.
	

	3. Structure 
	Generic structure needs improvement. Check the report format guidelines.
	

	and cohesion
	The arrangement of material could be difficult for your audience to follow
	

	
	Introduction needs improvement to include topic using general themes or ideas which focus on the purpose of the investigation.
	

	
	Introduction needs improvement to grab reader's attention
	

	
	Body needs clearly defined paragraphs based on topics studied, and each clearly introduced to show an understanding of them
	

	4. Language
	Vocabulary needs improvement ‑ a greater level of sophistication
	

	
	The words highlighted need to be replaced with more precise or scientific terms.
	

	5. Sentences
	Break up some of the longer sentences.
	

	
	Sentences how a lack of variety in form and length.
	

	
	Be consistent using active/passive voice and tense.
	

	
	Some sentences should be separated; use a full stop or semicolon, not always a comma.
	

	6. Tech.features
	Apostrophes, capitals, commas, grammar.
	

	7. Paragraphs
	Do not consistently contain a topic sentence (usually at beginning).
	

	
	Do not consistently contain a concluding sentence.
	

	
	Improvement required in linking ideas and paragraphs.
	

	8. Spelling
	Spelling errors need correction – a few are circled.
	

	10. Length
	Too long/too short
	

	11. Presentation
	Choose formatting that makes your report easy to follow
	

	
	Layout and neatness need improvement
	


Teacher’s  comments:
Teacher’s signature: 






Date: 




Appendix 3

Suggested Experiment Design and Data Collection

It is not the intension to limit your experiment design. The messages here are just for suggestion. That is to say that everything is open for you to set your hypothesis and experimental design.

As a bicycle tends to be more stable when it is moving than rest, velocity of the bicycle is an obvious variable. 

To know the velocity, one may check the time of the bicycle running over a distance. To do so, one student may push the bicycle and let go so that it passes two marked line (a, b) of known distance apart. Another student uses a stop watch to check the time. Then, the velocity can be calculated. There should be a student to check the time the bicycle runs before falls over.

                               [image: image4.jpg]



Another variable would be the “time to fall over” (or distance to fall over). 

[image: image5.png]



Moment of inertia, I, is also an important variable. Since
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 the moment of inertia of the wheels of the bicycle can easily be manipulated by adding lumps of clay or lead to the rims as the picture above. These lumps can also be attached to the frame of the bicycle instead of the rims to see the differences.

	
	1
	2
	3
	4

	Manipulated variable (you change)
	Linear speed of the bike
	Mass attached to the rims
	Mass of the bike
	Your other suggestions

	Dependent variable (the result of your change)
	Time to fall over
	Time to fall over
	Time to fall over
	Your other suggestions

	Controlled variable (remain unchanged)
	Mass of the bike
	Mass of the bike
	Linear speed of the bike
	Your other suggestions


The above table is just for suggestion. You can design the experiment according to your ideas.
Appendix 4

Scientific Reporting Writing

Source: Scientific Report Writing, (Comrie, A.C.) 
Date 
There should be dates for all documents.
Title
Convey the essential point of the paper. Be precise, concise, and use key words. Avoid padding with phrases like "A study of ..." or headlines like "Global warming will fry Earth!"

Abstract
Condense the whole paper into miniature form. A sentence or two summarizing each of the IMRAD sections should suffice. No new information, no supporting material, limited details, just the essential message that explains what you did and found out. Write this section last of all.

Introduction
Introduce the problem, moving from the broader issues to your specific problem, finishing the section with the precise aims of the paper (key questions). Craft this section carefully, setting up your argument in logical order. Refer to relevant ideas/theories and related research by other authors. Answer the question "what is the problem and why is it important?"

Methods
Explain how you studied the problem, which should follow logically from the aims. Depending on the kind of data, this section may contain subsections on experimental details, materials used, data collection/sources, analytical or statistical techniques employed, study area, etc. Provide enough detail for the reader to reproduce what you did. Include flowcharts, maps or tables if they aid clarity or brevity. Answer the question "what steps did I follow?" but do not include results yet.

Results
Explain your actual findings, using subheadings to divide the section into logical parts, with the text addressing the study aims. Link your writing to figures and tables as you present the results. For each, describe and interpret what you see (you do the thinking -- do not leave this to the reader). If you have many similar figures, select representative examples for brevity and put the rest in an appendix. Mention any uncertainty in measurement or calculation, and use an appropriate number of decimal places to reflect it. Make comments on the results as they are presented, but save broader generalizations and conclusions for later. Answer the question "what did I find out?"

Discussion
Discuss the importance of what you found, in light of the overall study aims. Stand back from the details and synthesize what has (and has not) been learned about the problem, and what it all means. Say what you actually found, not what you hoped to find. Begin with specific comments and expand to more general issues. Recommend any improvements for further study. Answer the question "what is the significance of the research?"

· Important Note: this section is often combined with either the Results section or the Conclusions section. Decide whether understanding and clarity are improved if you include some discussion as you cover the results, or if discussive material is better as part of the broader summing up. 

Conclusions
Restate the study aims or key questions and summarize your findings using clear, concise statements. Keep this section brief and to the point.

Acknowledgments
This is an optional section. Thank people who directly contributed to the paper, by providing data, assisting with some part of the analysis, proofreading, typing, etc. It is not a dedication, so don't thank Mom and Dad for bringing you into the world, or your roommate for making your coffee.

References
Within the text, cite references by author and year unless instructed otherwise, for example "Comrie (1999) stated that ..." or "several studies have found that x is greater than y (Comrie 1999; Smith 1999)." For two authors, list both names, and for three or more use the abbreviation "et al." (note the period) following the first name, for example "Comrie and Smith (1999)" or "Comrie et al. (1999)." Attribute every idea that is not your own to avoid plagiarism.

In this reference section itself, list alphabetically only the people and publications that you cited in the report (if none, omit the section). Provide sufficient detail to enable somebody to actually track down the information. List all authors for the "et al." publications. Follow a standard format such as the examples below, and note the distinctions regarding italics, capitalization, volume/page numbers, publisher address, etc. between the various kinds of references.

Reference and Sources:
Comrie, A.C.  Scientific Report Writing. Retrieved September 5, 2008 from http://geog.arizona.edu/~comrie/geog230/report.htm
December, J., & Katz, S. Abstracts. Retrieved September 19, 2008 from http://www.rpi.edu/web/writingcenter/abstracts.html
Hess, K. L(2008).Steps of the scientific Method. Retrieved September 2009 from http://www.sciencebuddies.org/mentoring/project_scientific_method.shtml

Keogh, J. & Walding, R. (2007) EXTENDED EXPERIMENTAL INVESTIGATIONS – Moreton Bay College. Retrieved September 19, 2008 from http://seniorphysics.com/physics/EEI_2007_MBC.doc

North Bundaberg State High School. (2007). EXTENDED EXPERIMENTAL INVESTIGATIONS (EEI). Retrieved September 19, 2008 from http://seniorphysics.com/physics/EEI_2007_austin.doc

Walding, R. (2004) EXTENDED EXPERIMENTAL INVESTIGATIONS - 271 stimuli for EEIs from Richard Walding, Retrieved September 5, 2008 from http://seniorphysics.com/physics/eei_stimuli.html.
Wolfson, R. (2007). Essential University Physics. Volume 1. San Francisco: Addison Wesley






























Overview of Scientific Method (Hess, 2008)





Report Results





Hypothesis is False or partially true








Hypothesis is true





Construct Hypothesis





Think!


Try again





Test with Experiment





Analyze Results


Draw Conclusion
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