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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:


The teacher supplies recent and valid resources (less than 5 years old) on Water on Mars for students to process, interpret and write a report on. These resources will increase our knowledge and understanding of whether and in what form water is found on Mars. 

Teachers should bear in mind the credit value (2 credits) of this achievement standard when setting the topic and providing resources. 

Conditions:

This topic is to be individually processed, interpreted and reported on. The recommended time this should take is about 2-3 weeks, with some of that time being spent in research. Teachers need to ensure authenticity as appropriate by standard school practices such as:

· Keeping each student’s notes between classes.

· Having a parent sign a note stating that any work done at home is authentic.

· Being familiar with the notes themselves so that copying is recognised.

· Providing resources that are easily understood to assist students to use their own words.

Resource requirements:

Students use resources supplied by the teacher. These need to be kept up to date from year to year. Students may also do their own research and supply extra resources as long as they are taken from reliable scientific publications or web sites. They must include copies or web links for these with their final report with a comment about the source and validity of the resources.
Additional information:

Teachers choose the topic and supply students with the appropriate resources to process, interpret and report on. The resources need to be at a suitable reading and understanding level for Level 3 students. Students cannot be expected to understand science concepts at a level beyond Level 3. They can also not be expected to put into their own words information from scientific papers that are too difficult for them to read.

Teachers will need to introduce this topic and explain any difficult scientific concepts needed for understanding. Class discussion can also develop understanding of more difficult concepts. 

Guidance may also be given on how to: 

· link ideas 

· develop a discussion or point of view

· read and extract relevant information scientific articles.
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Student Instructions Sheet

Context:

Your teacher will supply the resources for Water on Mars, introduce you to the topic and explain any difficult scientific ideas. The information you process MUST have occurred in the last 5 years.
Conditions:

In this assessment activity you must read the given information, and process, interpret and write a report on the chosen topic. The recommended time for this is about 2-3 weeks, with some of that time being spent in research. This report is to be all your own work. Your teacher will tell you the requirements for authenticity.

The stages of the task:


You have been given a set of recent and valid resources that give you information on Water on Mars. You need to read these resources, then process and interpret the information into your own words and write a report. Your teacher will guide you how to read the resources so that you can extract the relevant information. 

You may also do your own research and supply extra resources as long as they are copied from reliable scientific publications. Include copies of these with your final report, along with a comment about the source and validity of the resources.
Extra resources are not required to achieve this standard but are recommended for achievement with Excellence.


1.   Read the resources and make notes on information that will help you with:

· The background to Water on Mars. This includes (as appropriate): 
- the history of this topic 
- any relevant scientific knowledge needed to understand the information such as relevant geological features indicating past or present water on Mars.

· A detailed summary of relevant information about Water on Mars. Note that the summary could also contain relevant scientific knowledge and other background information.

· The significance of “Water on Mars”. This could be: 
- the relevance to humans
- how this information increases our understanding of “Water on Mars”
      - how this information adds to our knowledge of astronomy.

2. Now process and interpret the information. The information needs to be sorted out so that you can:

· Show that you understand the background to “Water on Mars”
· Develop a detailed summary or analysis of the relevant scientific information 

· Develop a detailed summary or analysis of the significance of “Water on Mars”
     Refer to all of the resources given to you and any extra that you have gathered.

      To process and interpret you may need to:

· Put key background discoveries into chronological order

· Find links within the information

· Find trends within the information

· Develop a discussion 

· Show understanding of the relevant information.


3. Now write your report:

· It can be typed or hand-written but must be legible.  It should be about 1000 words (approximately 2 typed or 4 hand-written sides).  

· Information must be clearly communicated, e.g. punctuation, grammar, spelling, diagrams, tables, graphs etc.

      Your report should contain the following sections:

Background:  

Discuss in detail the background to the Water on Mars showing that you understand where relevant: 

· the history

· any relevant scientific knowledge. 


Detailed summary or analysis of the information on Water on Mars 
In this you develop a detailed summary or analysis of the information relating to Water on Mars Develop a discussion on Water on Mars by linking different aspects of this information so that understanding is developed. This summary may include some or all of the background.

Significance of “Water on Mars”: 

Give a detailed summary or analysis of the significance of Water on Mars Develop understanding by linking and developing ideas and discussing how or why Water on Mars  is significant. The significance could be: 
- the relevance to humans 
- how this information increases our understanding of “Water on Mars”
- how this information adds to our knowledge of astronomy.

This section may also include and integrate some or all of the background.

Note that your discussion may use ideas from all three sections.

Reference list (Bibliography):  

If you have used extra resources write these up using an approved referencing system. 


Acknowledgement of sources: 

· Quoted paragraphs, diagrams, graphs etc not supplied by the teacher.

· A list of people who have helped you (other than your teacher). 

· Any ideas that are not your own, such as an interpretation put on to some scientific facts by another person.

Hand in your report.
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This report is due on 

Assessment schedule: Sci/3/7 – C3:  “Water on Mars”
	Achievement
	Merit
	Excellence

	· Present a report on a recent astronomical event or discovery.
	· Present a detailed report on a recent astronomical event or discovery.
	· Present a detailed and analytical report on a recent astronomical event or discovery.

	Note that evidence for the three sections (background, summary of information and significance) can be gained from anywhere in the report.

	· Describes the scientific background to 

     Water on Mars.


· Summary of relevant scientific information.

· Statement of the significance of Water on Mars.
· Resources are processed.



	· Explains the scientific background to 

      Water on Mars.
· Detailed summary of the relevant scientific information.

· Explanation of the significance of Water on Mars.

· As for achievement
	· Discusses the scientific background to 

      Water on Mars. 

And either

· Detailed summary of relevant scientific information and analysis of the significance of 

      Water on Mars.  

Or
· Analysis of the relevant scientific information and a detailed summary of the significance of Water on Mars.
· As for achievement




Note: 

Teachers should use professional judgement to determine sufficiency within the context of the investigation and the criteria in the above schedule for each of Achievement, Achievement with Merit, Achievement with Excellence levels. Assessment may be holistic.

Suggested resources: 

It is recommended that teachers read through these and select the most suitable and up to date resources. 

Snow Gullies on Mars

http://science.nasa.gov/headlines/y2003/19feb_snow.htm?list663144 

The case of the Missing Mars water

http://science.msfc.nasa.gov/headlines/y2001/ast05jan_1.htm 

Found it! Ice on Mars

http://science.nasa.gov/headlines/y2002/28may_marsice.htm?list663144 

Making a Splash on Mars

http://science.nasa.gov/headlines/y2000/ast29jun_1m.htm  

Salty Sea Covered Part of Mars: 'Excellent' Site to Search for Past Life

http://www.space.com/scienceastronomy/opportunity_sea_040323.html 

Mars Express Confirms Water Ice on Red Planet

http://www.space.com/missionlaunches/express_water_040123.html
NASA announces discovery of evidence of water on Mars

http://www.space.com/scienceastronomy/solarsystem/mars_water_story_000620.html  

Martian dunes hide water secret
http://news.bbc.co.uk/1/hi/sci/tech/4217528.stm
Glacial, volcanic and fluvial activity on Mars: latest images
http://www.esa.int/SPECIALS/Mars_Express/SEMLF6D3M5E_0.html
New Scientist: 15th January, 2005, p 34 – 38 

Liquid water once on Mars

http://www.cnn.com/2004/TECH/space/03/02/mars.findings/    

Mars Express finds water – official
http://physicsweb.org/articles/news/8/3/10/1 

Double discovery on past Mars water
http://www.newscientist.com/article.ns?id=dn6077 

Mars rover finds that water persisted
http://www.newscientist.com/article.ns?id=dn6178  

Once upon a water planet

http://science.nasa.gov/headlines/y2002/12mar_waterplanet.htm 







Water flows on Mars

http://news.bbc.co.uk/2/hi/science/nature/2846897.stm 

Excellence Exemplar: Water on Mars 

	Presence of water on Mars

Mars is the planet nearest to Earth that we are most likely to explore and send manned missions to. It also is the planet that we have the best chance of finding life on. For both these things water is needed so exploration of Mars by space probes has concentrated on looking for water.

Humans have searched for evidence of water on Mars for many years. In 1895 American astronomer Percival Lowell thought that he had seen canals on the surface of Mars. These were disproved as tricks of the eye. Spacecraft in the 1960’s and 1970’s reported that Mars was very dry. However, spacecraft in the 1970’s to the 1990’s started to report evidence of water, either past or present. The atmosphere of Mars is very thin, only 1% of the Earth’s atmosphere, so it cannot hold water droplets for rain. But plenty of evidence was found of huge, catastrophic floods, such as channels on the surface, sedimentary layers and lake beds, even though these could have other explanations such as lava flows.

Scientists have used their knowledge on how water shaped features appear on Earth to examine similar features on Mars and deduce the past or recent presence of water. Also geologists know which minerals are formed by water on Earth, so if these are found on Mars they indicate that water was once present. 

Also important in interpreting discoveries of water on Mars is the “triple point of water”. This is “the combination of pressure (6.1 millibars) and temperature (0.01oC) at which water can exist simultaneously as a liquid, solid or gas. 
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                            http://science.nasa.gov/headlines/y2000/ast29jun_1m.htm 

The atmospheric pressure on Mars means that water is very close to the triple point of water. This means that it is very difficult for water to be liquid, rather than ice or water vapour. Liquid water cannot exist below 6.1 millibars, which is about the atmospheric pressure on Mars. Water as ice or water vapour is not useful for human exploration and the concern is that any liquid water would immediately evaporate. 

(taken from http://science.nasa.gov/headlines/y2000/ast29jun_1m.htm )
In 2002 NASA released its findings on water on Mars using the Mars Odyssey spacecraft, and was able to make the announcement that enough water to fill a large lake twice over was lying just below the surface on Mars, in the upper metre of soil. 

This was found by using an instrument called a gamma-ray spectrometer or GRS which detected hydrogen; a sign of water. The amount detected was 20% - 50% ice by mass in the lower layer which showed that the layer is possibly made up of ice and soil mixed. The hydrogen rich regions are found in very cold areas where the ice wouldn’t melt, in the north and south polar regions, which is another indication that the hydrogen is part of ice. 



                http://science.nasa.gov/headlines/y2002/28may_marsice.htm?list663144 

The GRS works by detecting gamma rays and neutrons which fly out from the soil after cosmic rays hit the ground.

In 2002 the Mars Global Surveyor found evidence of water seeping from canyons and craters forming steep, dark gullies. Phillip Christensen of Arizona State University has proposed that these gullies are the result of trickling water from snow packs melting. If this is correct then this would be the first clue to there being fresh water flowing on the surface of the planet today. It seems that water ice could melt and flow beneath other ice and be sheltered from evaporating in the thin Martian atmosphere. This water would seep out and create these gullies. Apparently these gullies are very young as they haven’t been much eroded, and so point to water being recently present. Snow accumulates during cold periods and melts during warmer ones. However, they are being found on slopes facing away from the Sun where the temperature is usually below -50oC and any water would be frozen solid, which scientists cannot explain. An additional resource that I found confirms this work. It was in a United Press article released in December 2002. The article is valid as it summarises and backs up data from NASA.

It has been known for some time that the poles have frozen carbon dioxide, (dry ice) but more data from the Mars Global Surveyor probe has shown that the height of ice in the North Pole is higher than dry ice alone could be. This suggests water is tied up in the polar ice caps. This was confirmed by Odyssey.

People had suggested water had existed near the surface of Mars but now scientists had conclusive proof. Although this has answered a lot of questions it has raised many more. As yet not enough water has been found to explain all the features seen in the early life of the planet.

In 2004 two probes, Spirit and Opportunity, arrived on opposite sides of Mars. Both probes have confirmed old findings and discovered new evidence for water. They have found:

· Clear stratification in the rocks – as found in the Endurance crater.
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http://www.newscientist.com/article.ns?id=dn6077 


· Sulphur and chlorine, which are soluble in water. 

· An unusual amount of haematite, or iron oxide, which usually forms in water.

· Holes in the rocks left by dissolved salt crystals.

· Tiny spherules, nicknamed blueberries, showing signs of having been built up layer by layer within sediments. These blueberries were embedded in layers of rock which indicates that they were deposited in the rock by salty, acidic water.
(taken from New Scientist, January 15th 2005, p 34 – 38) 

· A “razorback” – a ridge of thin, jagged vertical plates of rocks possibly formed when earlier layers of rocks cracked and mineral-laden water seeped through the cracks forming veins. This is an important discovery because it shows that water was on the surface more than once. The layers of sediment needed time to be compressed into rock, and then cracked and the veins of minerals formed. 
( taken from http://www.newscientist.com/article.ns?id=dn6178 )  

All these point to evidence of salt flats or short-lived lake beds, that have formed, disappeared and reformed again. Tim Parker of NASA’s Jet Propulsion laboratory and Jim Head of Brown University have suggested that part of Mars was once a vast ocean, with cycles of wet and dry.  

There are several implications of all these discoveries. 

· The presence of water or ice means that life may have evolved on Mars and primitive microbes may be surviving in the soil. The fact that Earth bacteria can survive in dry conditions as spores may mean that Martian bacteria may do the same. Also, bacteria can grow in extreme environments on Earth, even deep down in rock, so such bacteria could be found on Mars.

· NASA would like to send humans to Mars. One of the big drawbacks is the availability of water as it would be much too heavy to bring from Earth. Astronauts would be able to tap into these water supplies for their own survival. 

· The evidence for water is still accumulating. The evidence for the presence of water in the past is pretty conclusive. What is being looked for now is water that would be available for use now. Also, experience in searching for water, and hence life, is being gathered so that other planets or moons of planets can be explored. 

Each new discovery brings more unanswered questions, about the distribution of water, the presence of water now and the possibility of life. No doubt more discoveries will add to our knowledge and our wonderings. 


	Introduction 

to topic.

Discussion of background. 

Acknow-ledgement of source of information.

Analysis of the relevant scientific information on water on Mars

Discussion showing linking of ideas. 

Detailed summary of the significance of water on Mars.




Resources used:

http://science.nasa.gov/headlines/y2003/19feb_snow.htm?list663144 

http://science.msfc.nasa.gov/headlines/y2001/ast05jan_1.htm 

http://science.nasa.gov/headlines/y2002/28may_marsice.htm?list663144 

http://science.nasa.gov/headlines/y2000/ast29jun_1m.htm  

http://www.space.com/scienceastronomy/opportunity_sea_040323.html 

http://www.space.com/missionlaunches/express_water_040123.html
http://www.space.com/scienceastronomy/solarsystem/mars_water_story_000620.html  

http://news.bbc.co.uk/1/hi/sci/tech/4217528.stm
http://www.esa.int/SPECIALS/Mars_Express/SEMLF6D3M5E_0.html
New Scientist: 15th January, 2005, p 34 – 38 

http://www.cnn.com/2004/TECH/space/03/02/mars.findings/    

http://physicsweb.org/articles/news/8/3/10/1 

http://www.newscientist.com/article.ns?id=dn6077 

http://www.newscientist.com/article.ns?id=dn6178  

http://science.nasa.gov/headlines/y2002/12mar_waterplanet.htm 







http://news.bbc.co.uk/2/hi/science/nature/2846897.stm 
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