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Teacher Guidelines:

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Context/setting:


Students may choose their own practical investigation or choose from a list given by the teacher. The investigation needs to be at a Level 3 standard, that is, an investigation of reasonable length or considering more variables than at level 1 or 2.

Conditions:

This investigation is to be done individually.  The suggested time frame is 4-5 weeks in total with 12-16 periods of classroom time. The actual data collecting time needs to include time to trial the method. Students will be expected to do work outside of class time.

Resource requirements:
Students working on individual topics will need help from their schools to obtain resources, gear, samples etc.

Additional information:

1. Students will need to decide if their investigation is a fair test or pattern seeking. A fair test requires an independent and dependent variable, a pattern seeking investigation requires a comparison between two or more key variables. 

2. Students will need to submit a logbook detailing their investigation. Logbooks are a working record of all a student does to complete the investigation. Students must put into their logbook any raw data, notes, research and photocopies they collect. Logbooks are to be checked and signed by the teacher at regular intervals throughout the investigation to assist in determining authenticity.

3. Students should hand in a preliminary outline or plan of their investigation for teachers to check for feasibility. 

4. Schools should check that investigations comply with OSH safety guidelines. 

5. Ethics permission must be obtained for any investigation requiring animals or human test subjects. This permission must accompany any work submitted for moderation.

6. Sufficiency is detailed at the end of the assessment schedule. If a student has not met sufficiency but a holistic judgement has been made this needs to be indicated and documented.

Guidance: Teachers may give general help only, in the form of:

· suggested topics if the student is having difficulty choosing 
· general suggestions for new directions within an investigation

· suggestions for resources for the actual investigation or for the science ideas.

Possible topics are (but are not limited to):

Fair Test:

· Investigating the insulation properties of various materials

· Relative strengths of a range of plastic bags

· How well different fabrics wear

· Worm farms

· How mould grows on different breads 

· Quality of water

· Tenderising meat using different fruits

· Role of micro-organisms in the production of various foods

· Skate boards and friction / different surfaces

· Effect of dilutions of honey / garlic on bacterial growth

· Effect of natural and / or artificial disinfectants on bacterial growth

· Germination of seeds using different concentrations of salt / amount of light / concentrations of fertilisers

· Conditions that affect the bounce of balls

· Corrosion of iron

· Home made sprays vs commercial ones

· Strength and flexibility of sealants

· Study of paint

· Strength of mud bricks

· Study of cosmetics

· Waste water and growth of plants

· Evaporation rates of perfumes.

Pattern seeking:

· Sea shore erosion e.g. at beaches

· Stratification / zonation in a biological community.               

· Clarity of water in an estuary

· Sedimentation in rivers and streams before and after rain

· Distribution of molluscs on a beach/rocks 

· Sea level / tidal changes

· Soil composition in different areas

· Microclimates and plant distribution 

· Moping up of oil spills using different materials 

· Investigation into the distribution of household mites                   

· Crystallisation of minerals in a quarry

· Movement of particles along a shore.
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Student Instructions Sheet

1. Choose your scientific investigation. You will work independently on it over 4-5 weeks including __ hours of class time. Some work will be done in your own time. You will be provided with a suggested list of topics to choose from but you may investigate a topic of your own. 

2. Your investigation needs to be at a level 3 standard. This means that it must be of a reasonable length or consider more variables than at level 1 or 2. You need to decide if the investigation is a fair test or pattern seeking. 

3. You must keep a logbook. This logbook must contain all your raw data and rough notes showing your progress. You should put photocopied material into it or an accompanying folder. This logbook will be signed by your teacher at regular intervals and is part of authentication process. The logbook must be handed in with your report. It does not have to be neat.

The stages of the task

Planning the investigation:

1. Do some initial research to decide if your topic is suitable. Collect relevant background information.

2. Research the science ideas or concepts that relate to your investigation and record these in your logbook. 

3. Work out the purpose of your investigation. Express this as a statement of purpose, such as an aim, testable question, prediction or hypothesis.

4. Decide whether your investigation is a fair test or pattern seeking. 
A fair test has an independent variable, a dependent variable and some other variables to control.
A pattern seeking investigation has more than one key variable being compared. There may or may not be other variables to control depending on the investigation.

5. Work out the key variables for your investigation, that is, an independent and dependent variable for a fair test or key variables to be compared for pattern seeking.

6. Design an initial method for your investigation. The method must:

· Identify the key variables

· Detail how you will gather sufficient and reliable data, e.g. by repeated measurements, considering how much data you need to collect, how you will eliminate errors or deal with aberrant data, etc.

· Must link to the relevant to your purpose and the key scientific ideas.

For a fair test, the following must be identified: 

· The independent variable and its valid range. 

· The dependent variable and how it will be accurately measured.

· How sufficient and reliable data will be collected.

· Fixed values for and ways of controlling other variables or factors that could influence the investigation.

For pattern seeking, the following must be identified:

· The key variables and their valid ranges. 

· How sufficient and reliable data will be collected.

· Other factors that could influence the investigation.

· How these other factors will be allowed for.


7. Start trialling your plan, to see if it will work. Change your method where appropriate. Record explanations as to why you have made these changes as you go. This is what is meant by justifying your method. 

Hand in a preliminary outline or plan of your investigation to your teacher to check if your investigation is an appropriate one. 

The date for handing this in is ____________________________________

Collecting Data

Once your preliminary plan has been approved, start to carry out the investigation.

1. Firstly, trial your method by carrying out what you have planned. 

2. Record any changes to your method in your log book. Your final method will contain these changes.

3. Record why you have made these changes. If you have not needed to make changes or trial your method, record why not.

4. Follow your modified method and start collecting data. Your raw data should be put into your logbook in an ordered precise way, e.g. accurate tables. It does not have to be tidy. Record everything that you do.

5. Indicate and record any trends you see developing in your data.

6. Make sure that you have sufficient and reliable data consistent with your final method. Review your data as you progress. You may need to collect more by repeating your method, increasing the range of key variables, and/or eliminating extremes. Processing your data will indicate what is needed.


Processing data: 

After you have gathered all your raw data you now process it. This will help you to identify patterns and trends in your data. 

1. Process your data:

· to make sure that you have collected the right data for your investigation, that is reliable data. If your data is not reliable, you may need to change your method so that you obtain reliable data. Explain any changes.

· to make sure that you have collected enough data – that is, sufficient data. If you haven’t, go back and gather some more

· to indicate any trends, patterns or relationships – these should relate back to your purpose but they may show you something that you hadn’t thought of.


2. Data is processed to ensure sufficient, accurate and valid interpretations by some or all of the following techniques:

· Averaging of repeated measurements.

· Exclusion of extreme/odd data in a fair test.

· Extreme/odd data in a pattern seeking investigation may be important and should be carefully considered.

· Statistical analysis.

· Using relevant calculations.

· Drawing relevant graphs.

Choose the right technique for your data.  

Interpreting your data:

1. Now look at your processed data and identify any trends, patterns or relationships that you can see. Describe these in your logbook.

2. Draw a conclusion from your processed results. This should relate back to your purpose. 

Evaluating your investigation:

Evaluate your investigation by discussing, where appropriate:

1. The reliability of your data

2. The justification for your final method. Refer to notes that you wrote at the time of your trialling and carrying out of the investigation.

3. Any sources of error.

4. Any implications shown by your conclusion.

5. Any possible future investigations.


Writing up the investigation:


1. Write up your investigation as a clearly written scientific report.  

Your report must include the following sections:


· Purpose – this includes the aim, testable question, prediction or hypothesis. This will describe what you think the relationship between the chosen variables for your investigation will be.


· Key variables: For a fair test this is the independent variable and the dependent variable, for pattern seeking this is the key variables to be compared.

· Method – The method written up here is the final method that you used after all the modifications. This explains how you collected and recorded sufficient and reliable data. Your method should be clear and concise so that another person exactly repeating your procedures could produce the same results. Include the key variables and their ranges and measurement and how you controlled for other variables. 


· Results – The report only needs to contain the processed data, recorded in a systematic format, e.g. the raw data should have been put into clear precise tables showing the averages etc, graphed or statistically analysed where appropriate.

· Discussion –This will include the interpretation, conclusion, science ideas  and the evaluation of the investigation.

Interpretation: 
The interpretation of your data will identify any trends, patterns or relationships in your data. 

     Conclusion: 

A valid conclusion relates the interpretation of your data back to the purpose of your investigation. 

Science ideas: 
Explain the science ideas relevant to the investigation. These may relate to the choice of variables, to the method or to the conclusion. 

      Evaluation: 

      This is a discussion on:

· The reliability of your data

· The justification for your final method. Refer to notes that you wrote at the time of your trialling and carrying out of the investigation.

· Any sources of error.

· Any implications shown by your conclusion.

· Any possible future investigations.

      References – All references must be listed using an approved system.

Final hand in date is:   
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Generic assessment schedule for achievement standard 90727 v2 (3.1): Fair test

	Evi-dence
	Judgement towards Achievement
	Judgement towards Achievement with merit
	Judgement towards Achievement with Excellence

	The investi-gation


	· A statement of purpose.

· Trialling if appropriate to determine the method.
A method describing:

· independent variable with a range

· accurate measurement of dependent variable

· control of some other variables

· sufficient data collected consistent with final method.



· data recorded systematically


· data processed

· interpretation of data showing some identification of trends, relationship or patterns

· valid conclusion related to the purpose of the investigation

· identification of at least one science idea relevant to the investigation.
	· As for Achievement.

· As for Achievement.

A method describing:

· Independent variable with a valid range.

· As for Achievement.

· Control of most other variables
sufficient reliable data collected consistent with final method

· identification and appropriate treatment of extremes of data

· data recorded systematically with appropriate precision

· as for Achievement.

· interpretation of data showing identification of trends, relationship or patterns


· as for Achievement.


· explanation of relevant science ideas.
	· As for Achievement.

· As for Achievement.

A method describing:

· As for Merit.

· As for Achievement.

· As for Merit.

· As for Merit.


· As for Merit.


· As for Merit.


· As for Achievement.

· As for Merit.



· As for Achievement.


· As for Merit.


· Discussion of where appropriate such as: – reliability of data
- justification of the final method used
- discussion of sources of error
- implications
- possible future investigations


To determine the overall level of performance all judgements within a column must be met. For each judgement, evidence can be obtained from anywhere in the report. When a holistic judgement is made the reasons need to be documented for moderation purposes.

Generic assessment schedule for achievement standard 90727 v2 (3.1): Pattern Seeking

	Evi-dence
	Judgement towards achievement
	Judgement towards achievement with merit
	Judgement towards achievement with excellence

	The investigation
	· A statement of purpose

· Trialling if appropriate to determine the method
A method describing:

· The range for the key variables 

· Collection of data

· control of some other variables where necessary

· sufficient data collected consistent with final method




· data recorded systematically


· data processed


· interpretation of data showing some identification of trends, relationship or patterns

· valid conclusion related to the purpose of the investigation

· identification of at least one science idea relevant to the investigation.
	· As for Achievement.

· As for Achievement.

A method describing:

· The valid range for the key variables

· Collection of reliable data

· Control of most other variables where necessary

· sufficient reliable data collected consistent with final method

· identification and appropriate treatment of extremes of data (this will differ from a fair test)

· data recorded systematically with appropriate precision

· as for Achievement.


· interpretation of data showing identification of trends, relationship or patterns


· as for Achievement.


· explanation of relevant science ideas.
	· As for Achievement.

· As for Achievement.

A method describing:

· As for Merit.

· As for Merit.

· As for Merit.


· As for Merit.


· As for Merit.



· As for Merit.


· As for Achievement.


· As for Merit.



· As for Achievement.


· As for Merit.

· Discussion of where appropriate such as:

 – reliability of data
- justification of the final method used
- discussion of sources of error
- implications
- possible future investigations.


To determine the overall level of performance all judgements within a column must be met. For each judgement, evidence can be obtained from anywhere in the report. Assessment may be holistic.

Excellence Exemplar for a Fair Test

AS90727 (version 2) Science 3.1 Carry out a practical scientific investigation with guidance

How Temperature affects the Bounce of Tennis Balls

Initial trialling:
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INITIAL IDEA: Mr 

 
told us about the extended investigation today. I am a keen tennis player and I think that the temperature of the day may affect the bounce of the balls I am using. So I think that I will design an experiment around that idea.  

PURPOSE: To determine if temperature affects the distance that a tennis ball bounces.

HYPOTHESIS: If temperature is increased and all other factors remain the same, then the ball will bounce further. I expect this because in cold conditions air contracts and the ball will act as if it is slightly deflated.

INDEPENDENT VARIABLE:

The temperature will be measured in degrees centigrade, using a thermometer. My range of temperatures is going to be from 6oC (see notes later)to 26oC. I will vary the temperature by using heaters, and by the time of day that I do an experiment.

DEPENDENT VARIABLE:
The distance between the balls first and second bounce. To be measured with a tape measure in cm. 

JUSTIFICATION FOR METHOD:

I wanted to use tennis balls also because other hollow balls such as netballs loose air more quickly than tennis balls, which would have introduced an unnecessary error.

I trialled two ways of determining the dependent variable. Firstly I dropped the balls from the same height and measured how high the ball bounced. Because I was working on my own I didn’t think that I could judge the height of the bounce very accurately. Then I decided to do the method mentioned next. I designed a ramp so that I could accurately set the ball off from the same height each time. I thought about how to accurately determine where the ball bounced and I used talcum powder on the concrete floor as you could then very accurately record where the ball landed. The ball made a crater when it bounced with a peak in the middle. This meant that I was able to measure from the peak of the first bounce to the peak of the second bounce. I trialled this visually at 7oC and at 20oC and found that I was getting a significant difference between the two temperatures.  
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EQUIPMENT:

· Ramp with recorded height, length and angle (the actual dimensions do not matter just record them). Like in picture 3

· Tape measure (or long ruler of any kind)

· Thermometer 

· Talcum powder 

· Tennis balls x3

· Heaters

· Aluminium garage – I chose this because I could keep the garage at a constant temperature as I did the experiment.

INITIAL METHOD: 

1. Set up your ramp so it is above a smooth and level surface.

2. Sprinkle the floor with talcum powder so the coating is light.

3. Record the temperature.

4. Sweep with a broom or brush so the talcum powder is in lines. 

5. Hold the tennis ball at the top of the ramp let it roll down the ramp (do not push it, a block of wood would be a good thing to start it with).

6. Watch it bounce to get a general idea of where it landed on its first and second bounce. Then look at the talcum powder. Look for craters and measure the distance from the peak in the crater caused by the first bounce and the one caused by the second bounce.

7. Record your results.

8. Repeat steps 2-7 5 times using the same tennis ball. 

9. Repeat steps 2-8 using a different tennis ball.

10. Repeat steps 2-9 with 5 different temperatures. Note you don’t need a specific temperature just to measure it precisely.

11. Process the data to determine the kinetic energy lost.

	Initial method written up as part of the trialling.




Final Report: How Temperature affects the Bounce of Tennis Balls

BACKGROUND:

I am a keen tennis player and I practise at all times of the day. I started noticing that the balls I used sometimes seemed to bounce higher in the middle of the day than when I practised early in the morning. I began to wonder if temperature affected the bounce of tennis balls. I decided to make this the topic of my extended practical investigation.

I decided to use one brand of balls and test them over a range of temperatures. This made my investigation a fair test. 

PURPOSE: To determine if temperature affects the distance a ball will bounce.
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HYPOTHESIS: If temperature is increased and all other factors remain the same, then tennis balls will bounce further. 

SCIENCE IDEAS: 

I expect this because in cold conditions air contracts and the ball will act as if it is slightly deflated. The density, pressure and temperature of a gas are related. When a gas moves against an object, such as the wall of a tennis ball, it pushes on the surface of the object - pressure. Gases can be expanded or compressed; they can expand to fill a new larger volume. The mass doesn't change, but the volume increases, so the density of the gas decreases in the new volume. 

The structure of a tennis ball has a fabric covering and a hollow inner core of a rubber-like substance. Inside the core is a gas which fills the entire inner core of the ball. A tennis ball bounces because the tennis ball and the gas inside act like a spring. As the tennis ball strikes the court the bottom of the ball is pushed in. The tennis ball material is pliable and deforms (bends). The compressed (pressed in) ball has less volume than the original uncompressed ball. As the ball comes off the court the gas and tennis ball material act like a spring and the ball returns to its original shape. As the temperature increases the molecules of the gas expand and move around more inside the ball. As the molecules move more they strike the inner surface of the ball and apply more pressure to it. Balls with more air pressure in them bounce better because air, when compressed, will uncompress (spring back) with little or no energy loss. A ball that has higher air pressure in it will not squash as much during the collision, and so less energy will be lost. Therefore the ball will bounce further.

	Explanation of relevant science ideas –could be written up at the beginning of the report or the end as part of the discussion.


INDEPENDENT VARIABLE:

Temperature to be measured in degrees centigrade using a thermometer. My range of temperatures is to be 6oC, 11 oC, 16 oC , 21 oC  and 26oC. 
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DEPENDENT VARIABLE:

Distance between the balls first and second bounce, taken from the peak in the centre of the crater in the talcum powder. To be measured with a tape measure in centimetres.
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EQUIPMENT:

· Ramp with recorded height, length and angle 
· Tape measure (or long ruler of any kind)
· Thermometer 
· Talcum powder 
· 3 tennis balls of the same brand 
· Heaters
· Suitable cleared space (I used an aluminium garage with a concrete floor)

FINAL METHOD: 
1. I set up my ramp as in picture 1 so it is above the garage floor, which was a smooth and level concrete surface.

2. I sprinkled the floor with talcum powder so the coating was light and swept it so that there were faint lines across it.

3. I swept the floor with a brush so the talcum powder was in line.

4. I recorded the temperature.

5. I then held the tennis ball at the top of the ramp (62.4 cm) and let it roll down the ramp (I didn’t push it but used a block of wood to start it with).

6. I watched it bounce to get a general idea of where it landed on its first and second bounce. Then I looked at the talcum powder. It showed peaks in the craters (in the talcum powder) and so I measured the distance from the peak in the crater caused by the first bounce and the one caused by the second bounce.

7. I recorded my results.

8. I swept the talcum powder after each bounce.

9. I repeated steps 2-7 5 times using the same tennis ball. 

10. I repeated steps 2-8 using a different tennis ball.

11. I repeated steps 2-9 with 5 different temperatures. They were 7oC, 11 oC, 16 oC,      21 oC, and 26 oC. I was not able to get the room to 6oC, so I measured 7oC instead.

12. I varied the temperature by using heaters for heat up the space and by getting up early in the morning to do the low temperatures.

13. The fixed variables are listed below.

14. I processed the results by 

· averaging the results for each ball and then for all 3 balls.

· graphing temperature against distance travelled.
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	Fixed variables  (Potential Errors)
	How to minimize effect of these

	Temperature fluctuation during an experiment
	Not much of a problem, but at very low temperatures your body heat can rise the temperature in a small room. So if you observe the temperature rising leave the room for a short time to let it cool down.

	Barometric pressure
	This is a tricky one but on a clear day (without a storm approaching) it will not change substantially so do all tests on a clear day within 24 hours of each other.

	Tennis ball wearing out 
	Use good tennis balls of same brand and do the colder temperatures first.

	Talcum powder on ball
	Wipe the ball clean after each trial with a dry towel.

	Brand of talcum powder
	Use same brand.

	Brand and age of tennis ball
	Use same brand of new balls.

	Tennis ball
	Mark each tennis ball and get individual results for each one.

	Mark on tennis ball
	Do the mark as small as possible and in biro, not anything that is likely to change the flight path of the ball.

	Even start
	Start each ball with the same object eg block of wood at same height (62.4 cm)

	Talcum powder consistency
	Use the same brush and try to keep the talcum powder to as thin and as even as possible.
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RESULTS:

The results were averaged. A graph was drawn showing the averaged data which highlighted the aberrant data for one ball at 26oC. This was removed and the averaged data graphed
Table showing Results: temperature (oC) vs distance (cm) between 1st and 2nd bounce.

	
	ball 1
	ball 2
	ball 3

	weight (g)
	58
	55.9
	56.8


	temperature
	Ball 1
	Ball 2
	Ball 3
	Average Ball 1
	Average Ball 2
	Average Ball 3
	Average all balls

	7
	147
	140.5
	147.5
	
	
	
	

	7
	142
	141
	144
	150.6
	140.5
	148.8
	146.6

	7
	149.5
	140
	150
	
	
	
	

	7
	152
	144.5
	141.5
	
	
	
	

	7
	145
	136.5
	154
	
	
	
	

	
	
	
	
	
	
	
	

	11
	150
	143
	147
	
	
	
	

	11
	144.5
	142
	149.5
	152.6
	146.3
	149.4
	149.4

	11
	152
	137.5
	145.5
	
	
	
	

	11
	153.5
	147
	145.5
	
	
	
	

	11
	146
	145.5
	150
	
	
	
	

	
	
	
	
	
	
	
	

	16
	149
	145
	147
	
	
	
	

	16
	151
	144
	152
	152.9
	146.1
	149.8
	149.6

	16
	154
	143
	146.5
	
	
	
	

	16
	150.5
	147
	146.5
	
	
	
	

	16
	150
	145
	144.5
	
	
	
	

	
	
	
	
	
	
	
	

	21
	151.5
	148
	148
	
	
	
	

	21
	153
	150
	151
	154.4
	150.6
	151.6
	152.2

	21
	156
	151.5
	146
	
	
	
	

	21
	148
	147.5
	147.5
	
	
	
	

	21
	149.5
	145.5
	153
	
	
	
	

	
	
	
	
	
	
	
	

	26
	139
	149
	150
	
	
	
	

	26
	136
	152
	145.5
	145.2
	152.2
	152.4
	152.3

	26
	146
	145
	153.5
	
	
	
	

	26
	135
	150
	149.5
	
	
	
	

	26
	146
	152
	150
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INTERPRETATION:

There was a definite relationship between temperature and the distance that the ball bounced, in that the higher the temperature the greater distance the ball bounced. This relationship was true for all the balls that were used, except for one ball at 26oC. I decided to eliminate this aberrant data. 

CONCLUSION:

My hypothesis stated that if temperature is increased and all other factors remain the same, then tennis balls would bounce further. My processed data shows that this is true for the 3 tennis balls that I tried. The increase in temperature expands the gases inside the tennis ball, which move around more inside the ball. As the molecules move more they strike the inner surface of the ball and apply more pressure to it. Balls with more air pressure in them bounce better because air, when compressed, will uncompress (spring back) with little or no energy loss. A ball that has higher air pressure in it will not squash as much during the collision, and so less energy will be lost. Therefore the ball will bounce further which is what my investigation showed.



DISCUSSION:

I was satisfied that I had controlled as many fixed variables as I could. Doing the experiment in an aluminium garage meant that I was satisfied that I kept the temperature constant for each test. However, there are certainly some things that I could do to improve my experiment. 

· Reliability. 

The data is very reliable because I controlled as many variables as I could. I used tennis balls because they would not lose air as fast as other hollow balls. 

· Validity.

This was a valid method although it differed from the methods that I had researched. I used this method as I felt that I could get more accurate results seeing that I was doing this investigation on my own.

· Limitations.

There were limitations to this investigation. 

· At very low temperatures your body heat can raise the temperature in a small room. So if the temperature rose I would leave the room for a short time to let it cool down. 

· A sudden decrease or increase in barometric pressure would change the pressure in a ball. I did this experiment on the same day when the weather was not changing. 

· Measuring the length bounce meant that I did not take into account the height of the bounce. I decided that this was still a valid experiment and that it was not necessary to measure the bounce.

· Future Investigations.
· I would be interested to try the same experiment using different types of hollow balls to see if this trend was true for other hollow balls

· I could have tried more of the same brand of tennis ball to see if the aberrant data at 26oC for one ball was true for other balls at that temperature or genuine aberrant data.

· I would like to try the method of just dropping the ball from a certain height and measuring the height of the bounce. It would be interesting to compare the 2 sets of data and validate my method that way.

· I did consider working out the kinetic energy lost but I decided that these results showed a sufficient trend and proved the hypothesis.
	Discussion of reliability of data, discussion of sources of error, ideas for future investigations. Justification for final method found in the trialling. 


BIBLIOGRAPHY:
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Excellence Exemplar for Pattern Seeking
AS90727 (version 2) Science 3.1 Carry out a practical scientific investigation with guidance

Stalactite formation in disused gold mines as an indicator of age of closure.

Initial Trialling

Initial Idea

Last year while looking around the old goldmine workings at Orepuki in Western Southland I rediscovered two “hard rock quartz” mines that were worked last century.  Until this discovery, only two mine locations were known, one closed in 1898 and the other was worked off and on until it closed finally in 1956.  The two mines I rediscovered go about 30 meters into the weathered rocks of the Longwood Range following quartz veins. Overlying these gold mines are some low grade limestones and water dripping through the mines has dissolved calcium hydrogen carbonate in it. I noticed that all the mines had stalactites of different sizes and lengths. Stalactites are known to grow at a constant rate. The dissolving of limestone happens because rain, as it falls through the atmosphere, dissolves lots of carbon dioxide. This means that the rainwater and the dissolved carbon dioxide can then react with the insoluble calcium carbonate (limestone) to form soluble calcium bicarbonate. This is what forms the caves. The equation for this is as follows:

CaCO3 (s) + H2O(l) + CO2(aq) ( Ca(HCO3)2 

Sometimes water containing the calcium bicarbonate can drip through cracks in the cave ceiling (or in this case the ceiling of a mine) and as it does so some of the carbon dioxide gets lost back into the atmosphere. As this happens the reverse reaction to above occurs and calcium bicarbonate goes back to form calcium carbonate. This precipitates out to form stalactites. 

The mines, when in use, had their roofs swept to keep the water seepage flowing down the walls and not dripping onto miners. (Western Star October 1896) This meant stalactites only grew once the mines were closed. I wondered if the size of the stalactites could be used to age when the mine was last used as the difference in size between the 1898 mine and the 1956 mine was quite pronounced. From this I hope to get an indication of when the rediscovered mines were closed. Finding where a mine started was difficult so a point directly under the first outcrop of the roof was chosen and marked vertically.  


Purpose.

To see if the size of stalactites formed are and indication of an age of a mine. This investigation will be a pattern seeking investigation as it involves the comparison of stalactite size between different mines.

Trialling.

Once this investigation had been decided I returned to the mines and carefully worked out how to do the investigation. Initial work showed me that the stalactites are extremely fragile and would require care in handling so as not to destroy them. Stalactite formation was selected as stalagmites were small and were already damaged due to animals using the mine. I found the best method was to use callipers to measure the length of the stalactites at the roof and for the length. Stalactites at the entrance were damaged so it was decided that measurements would start 10 meters into the mine. A hard hat will be worn at all times.

Method: 

For each mine.
1. Mark the entrance to the mine. This was taken to be the point vertically under the start of the rock outcrop of the mine roof and was measured using a plum bum.

2. Measure stalactites length and diameter at the roof contact using callipers and then check the measurements using a steel ruler for consistency.

3. For each mine record a maximum of 20 stalactites at each of 10 meters, 15 meters and 20 meters from the mine entrance. 

4. These distances will be measured using the same tape measure from the entrance. Whole stalactites will be measured, as broken stalactites could give false readings, especially as diameter is critical to the investigation.
5. The stalactites will be selected from within a 1 metre circle of the measured distance from the start of the mine. If the number of stalactites is less than 20 then I will record the maximum number of whole stalactites within the 1 metre circle.
6. For each mine a maximum of 60 stalactites would be measured.
7. The results will be recorded on a table giving length v diameter.

8. On return to school the measurements will be checked and then a scatter graph of length vs diameter will be produced. This will enable a pattern to be seen if one exists.
9. Scatter graphs will be drawn for the two known mines and graphs will be drawn for the rediscovered mines, then a combined graph will be drawn to see if it is possible to find out when the mines were closed.


Stalactite formation in disused gold mines

as an indicator of age of closure.
Orepuki Goldfield, Southland

New Zealand.

A Pattern Seeking Investigation Year 13 Science

Purpose:

To see if the size of stalactites can be used as a dating tool as to when the mines closed.


Hypothesis:

The bigger the stalactite the longer the mine has not been used or disturbed.

Background:

Mining started in Orepuki in about 1860 when fine gold and osmaridium were found on the Orepuki beach. Two years later gold was found in the Orepuki township itself and was prospected for in quartz veins in the Longwood Complex itself. The Longwood complex is part of the Brook Street Volcanic sequence and is gabbro formed deep in the earth related to island arc volcanism. In the Orepuki area, the Longwood sequence was invaded by granitic rocks, related to the Rangitata Orogney. Where these rocks meet gold is found in the contact zone, usually associated with quartz. Gold levels have always been poor and only small amounts have been extracted. Reports in “The Western Star”, a local paper of the time refers to “numerous small mines around Falls Creek…” but today we only know of two in the area. Last year while wandering over the old gold field we found 2 new mines, each about 30 meters long. All the mines so far discovered have stalactites hanging down from the roof. The size of these differ so this investigation will set out to see if their size is indicative of when the mine last operated.
Final method:

For each mine.

1 Measure stalactites length and diameter at the roof contact using callipers and then check the measurements using a steel ruler for consistency. 

2 For each mine record a maximum of 10 stalactites at 10 meters, 15 meters and 20 metres from the mine entrance. These distances will be measured using a tape measure from the entrance. Each mine will be measured using the same tape measure.

3 During the measurements whole stalactites will be measured, as broken stalactites could give false readings, especially as diameter is critical to the investigation. 

4 The stalactites will be selected from within a 1 meter circle of the measured distance from the start of the mine. If the number of stalactites is less than 10 then I will record the maximum number of whole stalactites within the 1 meter circle. 

5 For each mine a maximum of 30 stalactites would be measured.

6 The results will be recorded on a table giving length v diameter.

7 On return to school the measurements will be checked and then a scatter graph of length v diameter will be produced. This will enable a pattern to be seen if one exists. 

8 A line graph will be drawn for all mines to see if it is possible to find out when the mines were closed.


Reasons for changes to the plan

· Once the measurements were started it became obvious that there were generally not 20 stalactites within a 1 meter circle so the number measured was reduced to 5 -10. This still gave meaningful results. Also since most stalactites were extremely fragile it meant there was less damage to the stalactites.


· Because of the closeness of the measurements a scatter graph was not required as a line graph showed the same results

Results: 

  1956 mine.

	Distance m
	Length mm
	Diameter mm
	Distance m
	Length mm
	Diameter mm

	10
	22
	8.7
	15
	22.2
	8.8

	10
	22.2
	8.9
	15
	22.8
	8.9

	10
	23
	8.8
	15
	21.7
	8.4

	10
	22
	8.7
	15
	22.3
	8.8

	10
	22.4
	8.9
	15
	16,7
	5.0

	10
	22.5
	9
	20
	21.9
	8.8

	10
	22.6
	8.6
	20
	21
	8.6

	10
	21.8
	8.4
	20
	21
	8.4

	10
	21
	8.3
	20
	21.9
	8.7

	10
	14
	4.8
	20
	22
	8.8

	15
	24
	9.2
	20
	23.1
	8.9

	15
	23.1
	9
	20
	21
	8.4

	15
	21.1
	8
	20
	22.3
	8.9

	15
	22
	8.7
	20
	22.1
	8.0

	15
	22
	8.8
	20
	22.3
	8.5


Average                 length  22.1mm       width  8.7mm

1898 mine

	Distance m
	Length mm
	Diameter mm
	Distance m
	Length mm
	Diameter mm

	10
	52
	20.5
	15
	50.7
	20.6

	10
	52
	20.3
	15
	50.2
	20.1

	10
	52.5
	19.9
	15
	33
	17.7

	10
	52.7
	20.4
	15
	51.1
	20.7

	10
	50.1
	20.6
	15
	No stalactite
	No stalactite

	10
	50.4
	20.8
	20
	51.3
	20.5

	10
	49
	19.9
	20
	50.9
	20.5

	10
	51.1
	21
	20
	No stalactite
	No stalactite

	10
	No stalactite
	No stalactite
	20
	No stalactite
	No stalactite

	10
	No stalactite
	No stalactite
	20
	No stalactite
	No stalactite

	15
	50.5
	20
	20
	51.1
	20.8

	15
	51
	20.8
	20
	52.7
	20.2

	15
	53
	20.9
	20
	51.1
	20

	15
	50.6
	20.3
	20
	52
	21.9

	15
	50.4
	20.5
	20
	51.4
	20.5


Average                 length  51.1mm       width  20.7mm
Unknown mine A
	Distance m
	Length mm
	Diameter mm
	Distance m
	Length mm
	Diameter mm

	10
	43.4
	17
	15
	42.6
	17

	10
	44.2
	17
	15
	42.5
	17

	10
	41.9
	17.8
	15
	No stalactite
	17.4

	10
	41.7
	17.1
	15
	No stalactite
	16.9

	10
	41.8
	16.2
	15
	41.9
	17.1

	10
	42.5
	17
	20
	44.1
	17

	10
	42
	17.1
	20
	39.9
	16.9

	10
	44.9
	16.3
	20
	No stalactite
	No stalactite

	10
	39.9
	16.1
	20
	No stalactite
	No stalactite

	10
	No stalactite
	No stalactite
	20
	No stalactite
	No stalactite

	15
	39.8
	16
	20
	42.1
	17

	15
	45.1
	17.2
	20
	42.0
	17

	15
	40.7
	17.3
	20
	42.2
	17.4

	15
	42.5
	16.9
	20
	38.9
	16.9

	15
	43.8
	17
	20
	46
	17.1


Average                 length  42.7mm       width  16.9mm
Unknown mine B

	Distance m
	Length mm
	Diameter mm
	Distance m
	Length mm
	Diameter mm

	10
	56.1
	22
	15
	59.9
	22.3

	10
	55
	22.2
	15
	49.9
	21.1

	10
	53.9
	22.8
	15
	55
	22.1

	10
	57.8
	21
	15
	56.8
	23.6

	10
	56.9
	20.9
	15
	53.9
	21.3

	10
	52.9
	22
	20
	55.4
	22.1

	10
	54.9
	23.4
	20
	No stalactite
	No stalactite

	10
	55.7
	20.9
	20
	No stalactite
	No stalactite

	10
	55
	23.7
	20
	No stalactite
	No stalactite

	10
	No stalactite
	No stalactite
	20
	No stalactite
	No stalactite

	15
	55
	22
	20
	59.9
	21.1

	15
	55
	22
	20
	49.9
	22.1

	15
	55.5
	22
	20
	55
	23.6

	15
	53.5
	24.3
	20
	56.8
	22.3

	15
	56
	20.7
	20
	53.9
	21.3


Average                 length  55.3mm       width  22.2mm

                  

Interpretation of results.

The results obtained were remarkably consistent. In the 1956 mine two measurements were excluded from the averages. The reading of length 14mm and width 4.8 and length 16.7mm and width 5.0mm were obviously later stalactite developments. There was also 1 reading dropped from the 1898 mine. This was the reading of length 33mm and width 17.9mm.

                                                                    Appropriate treatment of extremes of data

Because of the consistency of measurements and the known timing of mine closures it was worked out that in all mines the stalactites grew at a constant rate. This turns out to be 

                             Length   0.5mm +/- 0.01mm / year

                             Width     0.2mm +/- 0.01mm / year

This was worked out by dividing the length by the width of the stalactite divided by the number of years growing over each sample range.

Graph A:


There is variation in each mine but the results are very close. So close it is possible to quickly work out the age of closure of the mines. (This can be seen from the graphs and explanations that follow). 


Graph B:

Time of the closure of mines:

From the results it can be seen that the two unknown mines were closed in:

· Unknown Mine A average Length 42.7mm Width 16.9mm

Age    85 yrs +/- 5 years
              Closed 1915 +/- 5 years

     The error was calculated using the largest and smallest measurements            
· Unknown Mine B average Length 55.3mm Width 22.2mm

                Age  110 yrs +/- 7 years
                Closed 1890 +/- 7 years.

     The error was calculated using the largest and smallest measurements
The graph was used to decide the dates so a simple link could be made


Conclusion

From the above data it is quite obvious that stalactite formation is a constant in the Orepuki hard rock gold fields and hence is an indicator of age of mine closure in the same goldfield. This is shown by Graph A. The time of closure of the mines was then worked out by showing the relationship between length of the stalactite and the known time of closure of two mines. The age indicated is quite accurate and the degree of error is due to the largest and smallest whole stalactite variation. This still allows an age to be determined within a 5% error range. So the aim of the investigation has been shown by the data.

Discussion

The results obtained were remarkably consistent from mine to mine. This suggests that stalactite growth has been very constant between the mines. This is possibly due to the fact that rain water percolates through the limestone layers and is fully saturated with calcium hydrogen carbonate as the water enters the mine. There were anomalous results, especially in the 1956 and 1898 mines. This was possibly due to these mines being known and were subject to people visiting these mines since their closure. It is known that Otago University visited the 1956 mine in about 1980. This would be consistent with the age of the new stalactites. 

One other interesting fact is that once formed there seemed no new growth in stalactites. This was possibly due to the fact that all spaces that gave rise to drip areas became stalactites and there was no room for new stalactites to form.

Stalactite formation is indicative of age. When the size of stalactites is measured and the results plotted on a scatter graph there is a correlation relating size to age. As long as each mine has received equal amounts of calcium hydrogen carbonate then the stalactites should grow at an equal rate. There are variables that could not be proven to be constant, the amount of calcium hydrogen carbonate and temperatures within the mines, but the results did allow an age to be determined. By comparing the 1898 and the 1956 mines it was shown that stalactite formation between these two mines was consistent and came out at 0.5mm per year +/- .01mm for length and 0.2mm per year +/- .01mm for width at the roof. This consistency was applied to the other 2 mines and gave ages of closure of 1915 +/- 5 years and 1890 +/- 7 years. A further reference found in the Riverton Museum does refer to 3 mines operating in 1910. So maybe we have found the third operating mine of that time.


Over all the results are very indicative of closure and reading the old newspapers from the Riverton Museum there is reference to “Three hard rock goldmines operating near Orepuki” (Western Star October 10 1910 NZ mines report.) This gives further credence to the proposed date of closure for one of the mines in 1915.

 

Evaluation

This investigation has proven to be very interesting. In the Orepuki many mines were attempted and closed. Because of the very secret nature of these mines any knowledge of their existence was quickly lost. As the area is being re-looked at these mines are being re-found and a method to age them is required. Measuring the growth of stalactites seems to be one method that works and is very accurate.

· Reliability.

The data is very reliable. There was accurate reading from all mines. Some results, especially in the 1956 and 1898 mine were obviously wrong compared to the majority of the data so were left out of the analysis. In some mines there were not the 10 stalactites per square meter but there was enough data to give accurate results. Error was calculated on the largest and smallest accurate readings.

· Validity.

The technique used was valid. Using only stalactites was important as stalagmites could give false readings as they were fragile and prone to damage. 

· Limitations.

There were limitations to this investigation. Only some of the stalactites were measured. Other factors that could have impacted on the data such as temperature and humidity were not measured or considered. These could be part of a future investigation and extend to mines in other areas. One major limitation was the fragile nature of the stalactites. This meant that some measurements were terminated when the stalactite was destroyed.

· Future Investigations.

In the future one could look at how the stalactites grow and the conditions necessary for their growth. Is their growth constant throughout the year or is their growth seasonal? There are also chemical studies of the chemistry of the solutions that lead to stalactites.

	Discussion of reliability of data, discussion of limitations which showed possible sources of error, ideas for future investigations. Justification for final method found in the trialling.
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Trialling to determine the method





Explanation of Science ideas behind the investigation





Valid conclusion related to the purpose of the investigation. Further explanation of the relevant science ideas 





Interpretation identifies trend in processed data 





 Processing of data using graphs and/or other techniques 
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Sufficient, reliable data consistent with the final method, recorded systematically with appropriate precision. Appropriate treatment of extremes of data





A table showing:


- how most other variables were controlled


- discussion of sources of error





Picture 1: Ramp for ball





A method describing the independent variable with a valid range, the accurate measurement of the dependent variable and the control of most other variables.





Accurate measurement of dependent variable





Independent variable with valid range





Statement of purpose





Method trialled and the reasons for the design explained and justified. 





Statement of Purpose





A method describing the key variables with valid ranges, the collection of valid data and control of most other variables.








Justification of the final method





Sufficient, reliable data consistent with final method, recorded systematically with appropriate precision. 
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Sufficient and reliable data processed and interpreted using appropriate techniques to enable a trend to be identified








Valid conclusion related to the purpose of the investigation. 








Discussion explains the relevant Science ideas 
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