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Learning in Context
Scene setter & stimuli

In recent years flooding across Scotland and the UK has increased.  Frequently, rescue boats have to be used to take people to safety as their homes and places of work become unsafe due to the dangers of flooding. Background information can be linked to the accompanying Understanding Flooding Learning Journey and to the STEM Central Water context. 

Clips from the BBC, Reuters and YouTube websites can act as stimuli for discussion e.g. BBC News ‘Aerial Footage shows Flood Scenes in Ceredigion; Reuters UK Flood Rescue Drama,  Dramatic Flooding and Rescues in New Zealand Wild Weather. 

Aim

This learning journey with a sciences and technologies focus is aimed at second level. Learning activities offer opportunities for learners’ experiences to develop an understanding of forces such as weight and buoyancy (also called upthrust), water resistance and drag (friction), and apply these to designing, testing and evaluating a prototype model rescue boat. Learners are given the opportunity to apply design thinking skills by researching the problem, working to a brief, testing ideas, and modelling, testing and evaluating prototypes against agreed success criteria.
An overview planning sheet is included which gives an outline for planning for learning and teaching starting from the experiences and outcomes. Success criteria and possible sources of evidence of learning are indicated.  The pages that follow the overview give examples of learning experiences. They illustrate opportunities for learners to develop and apply knowledge, conceptual understanding and skills.
Developing the four capacities: attributes, capabilities and higher-order thinking skills

The purpose of the curriculum is encapsulated in the four capacities. The curriculum aims to ensure that all children and young people in Scotland develop the knowledge, skills and attributes they will need if they are to flourish in life, learning and work, now and in the future. The learning journeys published on STEM Central provide the opportunity to develop attributes and capabilities. 

A major feature of learning in the Curriculum for Excellence is the development of thinking skills. Within Bloom’s Revised Taxonomy, opportunities to “evaluate” and “create” provide challenge and encourage more independent thinking. Education Scotland’s Journey to Excellence explores thinking skills in greater depth. The opportunities specific to this learning journey are highlighted throughout.










This piece of work relating to rescue vehicles builds upon learners’ prior experiences of SCN 1-07a (and possibly SCN 1-08a) and is dependent upon several science concepts which are not necessarily intuitive to learners.  The concept of floating and sinking relates to the concepts of balanced and unbalanced forces, buoyancy (or upthrust) force, gravitational pull and density.  This may involve the use of new scientific language with which learners will need the opportunity to become familiar. 

Forces

Floating and sinking depends upon the comparative values of weight (gravitational pull, measured in newtons (N)) of an object and the buoyancy (or upthrust) produced by the water. When:
a) weight is equal to buoyancy force then object floats (not necessarily on the surface of the fluid);
b) weight is less than the buoyancy force then object rises e.g. hot air balloon;

c) weight is greater than the buoyancy force then the object sinks
Isaac Newton described the effects of forces in what is commonly known as his ‘Three Laws of Motion’.  This can be found in many school physics resources aimed at National 4 and above. Essentially, Newton’s Laws are:

1. Balanced Forces on an object.  If the forces acting on an object are equal in strength and opposite in direction then the object will remain stationary (e.g. see ( a ) above) or will continue to move a constant speed in a straight line;
2. Unbalanced Forces on an object.  If the forces on an object are not balanced then the object will accelerate (see (b) or (c) above) in the direction of the unbalanced force.  Note that acceleration can be a speeding up, slowing down or changing direction (technically an object turning a corner at constant speed is accelerating!).   The value of the acceleration is related to the value of unbalanced force and the mass of the object – the greater the unbalanced force the greater the acceleration and the greater the mass of the object the smaller the acceleration.
3. Pairs of Forces.  Newton realised that forces occur in pairs between objects.  This is a tricky concept and is not necessarily obvious or intuitive.  This 3rd Law is often unhelpfully stated as, “If object A exerts a force on object B, then object B exerts an equal and opposite force on A”. It is often commonly stated as “Every action has an equal and opposite reaction). The trick here is to realise that although the forces are of equal strength and acting in opposite directions, they are on two objects which may have different masses, so the effect of the forces can be quite different on the two objects.  An example would be a person’s weight.  A person’s weight is the pull of the Earth’s gravity downwards on the person (force 1) and (force 2) is the equal pull of the person on the Earth upwards.  Same strength of forces in opposite directions but on two objects of quite different masses. The result being that the person is pulled to the ground instead of the Earth being pulled upwards ( a small force on a relatively small mass can have a noticeable effect but the same small force on a very massive object has next to no observable effect).  This 3rd Law helps to explain the flight of planes, helicopters and rockets.
 Educational literature has much to say about learners’ understanding and useful background information can be found using the following sources/links:
· YouTube – using the search string ‘floating and sinking’ there are lots of example of clips for experiments, learners’ responses and background information for teachers e.g. http://www.youtube.com/watch?v=Lwc6QklQGFw 
· BBC Class Clips Weight, density and upthust in fluids may be helpful.
· A tank could be set up in the classroom and every so often learners bring in an object for which they think their classmates will be unable to correctly predict “float or sink”. 
· Register for free at the National STEM Centre and use the eLibrary to access ‘Nuffield Primary Science for Ages 7-12: Forces’.  This book, in pdf format, is linked to a significant research project into children’s understanding of forces.

· Learners’ Thoughts – from Driver et al (1994) “Making Sense of Secondary Science: Research into Children’s’ Ideas” (Routledge) London & New York the following has been stated: learners age 7-9 tend to think of force related to anger or feelings; there is confusion between force and energy; and learners often perceive force as energy and learners associate force with movement, physical activity and muscular strength – it might be difficult for learners to associate forces with a stationary, floating boat. Learners do not recognise forces in equilibrium situations. 
To demonstrate:

1. Balanced forces – using a hula hoop tie 4 force meters (spring balance) in the positions of north, east, south and west.  Learners pull on the force meters and they will discover that when holding the hula hoop stationary in one place the reading is the same on all force meters.  If the force of measured by one force meter is increased, then the hula hoop will accelerate in the direction of the unbalanced force.
2. Buoyancy – hang a mass vertically from a force meter – record the reading.  Keeping the mass attached to the force meter, lower the weight into a basin of water – record the reading.  The object will appear ‘less heavy’ due to the buoyancy force from the water.  Another approach is to let learners try to push an inflated balloon into a basin of water.  The learners should feel the water pushing the balloon upwards because of the buoyancy force from the water.

Using force meters (spring balances):

1. Simple force meters which are commonly found in schools are really designed to be used vertically as the measured force is related to the stretch of the spring.  If the balance is used in the horizontal position the reading will not start at zero as the spring will not have stretched under its own weight.  This can be corrected by loosening or tightening the screw nut holding the spring in place.

2. Many of the force meters have two scales – one scale in grams (g) and the other in newtons (N).  All forces should be measured using the newton scale.  The reason for both scales is to demonstrate the relationship between ‘mass’ (measured in kg or g) and ‘weight’ (a force measured in newtons) for object in Earth’s gravitational field which is not required for this work on rescue vehicles. Learners could be given the opportunity to explore this relationship if appropriate.
Activities to act as stimuli for discussion:

1. Using a ‘density column’ to demonstrate that less dense materials will float in more dense materials.  Excellent opportunity to explore what is meant by density in a science context.  [See http://chemistry.about.com/od/chemistryactivities/a/densitycolumn.htm note rubbing alcohol is the American name for surgical spirit]

2. Use the strategy of predict, observe, explain (POE).  Using a tank/basin of water float a tangerine/satsuma in the water.  Ask learners to predict what would happen to the fruit if the skin was removed and the fruit put back into the water.  Many children will say it will sink because it is now ‘lighter’. However the fruit should sink.  Opportunity for discussion and explore misconceptions.

3. Similar experiment using small tins of coke and diet coke – here the diet coke tin should float as it has less sugar content  (less mass) but same volume so lower density.  A variation of this is water and ice e.g. 1kg of water has a smaller volume than 1kg of ice (uniquely water expands on freezing!) so although masses are the same the volume is different resulting in ice having a lower density so ice floats in water.  The density of water can be changed by adding salt so fresh water is less dense than sea water and the optimum example of this is the Dead Sea (try http://www.youtube.com/watch?v=CN4dKClE6AM )
4. Similar experiment using lemons and limes – here the lemons should float and the limes sink. Even though the lemons have more mass and a greater volume their density (the ratio of mass/volume) is less than that of water and so float, whereas the limes’ density (smaller mass in much smaller volume) is greater than that of water and hence sink.  This illustrates the principle behind large ships – although they appear to have a very large mass they also have very large volumes (big lemons!) and their density is less than that of water.  

5. Making ‘sinkers’ float.  Giving learners a ball of plasticine which will sink in a jug/basin of water and then challenge them to find a way to make the plasticine float without changing its weight.  Hopefully, the learners will, based on the prior experiences, form the plasticine into some type of boat/hull shape.  That is, the learners have increased the volume of the shape and in effect reduced the density of that object below the density of water so the ‘boat’ floats.  The learners have to describe/explain why changing the shape makes the plasticine float.  The converse of this is used with divers, submarines and many types of fish, where the volume is kept constant but the mass of the object is changed by increasing/decreasing mass hence increasing/decreasing density so the object will float or sink in water. Submarines do this by taking on/removing ballast into tanks stored in the hull and fish do this by using their ‘swim bladder’ (see http://en.wikipedia.org/wiki/Swim_bladder ).
� HYPERLINK "http://www.geograph.org.uk/photo/1562665" ��Tillicoultry Flood� by � HYPERLINK "http://www.geograph.org.uk/profile/41674" ��John Chroston� is used under � HYPERLINK "http://creativecommons.org/licenses/by-sa/2.0/" ��Creative Commons licence 2.0.�








Interdisciplinary learning planning opportunities


By applying my knowledge and skills of science and mathematics, I can engineer 3D objects which demonstrate strengthening, energy transfer and movement. 


TCH 2-12a 








Capabilities





Successful Learners: use literacy and communication skills; think creatively and independently; make reasoned evaluations.


Confident Individuals: achieve success in different areas of activity.


Responsible Citizens: develop knowledge and understanding of the world and Scotland’s place in it; evaluate environmental, scientific and technological issues.


Effective Contributors: work in partnership and in teams; create and develop; solve problems.





Responsibility of all area(s) which could be addressed as part of this planned learning journey:


Several literacy experiences and outcomes can be addressed through this learning journey: 


LIT 2-04a, 05a, 06a, 07, 08a & 09a


Several numeracy experiences and outcomes can be addressed through this learning journey: 


MNU 2-01a, 2-10b, 2-10c, 2-11c, 2-20a & 2-20b


I am learning to assess and manage risk, to protect myself and others, and reduce the potential for harm when possible.


HWB 2-16a 








Sciences experiences and outcomes 


By investigating floating and sinking of objects in water, I can apply my understanding of buoyancy to solve a practical challenge. 


SCN 2-08b





By investigating how friction, including air resistance, affects motion, I can suggest ways to improve efficiency in moving objects.


SCN 2-07a





Attributes


Successful Learners: enthusiasm and motivation for learning


Responsible Citizens: respect for others


Effective Contributors: resilience and self-reliance





Learning: Experiences & Outcomes


By investigating floating and sinking of objects in water, I can apply my understanding of buoyancy to solve a practical challenge.


SCN 2-08b


By investigating how friction, including air resistance, affects motion, I can suggest ways to improve efficiency in moving objects.


SCN 2-07a


By applying my knowledge and skills of science and mathematics, I can engineer 3D objects which demonstrate strengthening, energy transfer and movement. 


TCH 2-12a 


Prior knowledge


Learners will have experienced and explored the way objects move and used this to develop their vocabulary to describe forces, e.g. pushing, pulling, stretching, squashing and twisting.  Through play, learners have explored the effect of forces on objects e.g. changing the shape of a spring or changing the motion of a ball by speeding it up, slowing it down or changing its direction.





Success criteria





I can plan and carry out practical investigations into floating and sinking of objects in water (or other liquids).


I can demonstrate ways to make an object more or less buoyant, and describe the effect of changes to the object on buoyancy.





I can suggest ways to improve the efficiency of a rescue vehicle which moves through water.


I can give examples of streamlining and explain why the streamlining is reducing resistance (drag).





I have participated in group work, making a contribution to achieving the desired outcome.


I can discuss within the group the brief we have been given and suggest ideas for success criteria.


With others, I can sketch ideas for a boat which shows that I am applying knowledge I have gained about buoyancy and forces.


I can participate in a group to build a prototype from a final design.





I can participate in testing our prototype, suggesting appropriate ways in which the tests should be carried out. I can suggest improvements to my design based on the results of these tests. 





Possible sources of evidence of learning


Use of � HYPERLINK "http://www.journeytoexcellence.org.uk/resourcesandcpd/research/summaries/rsassessment.asp" ��KWL grids� to ascertain learners’ development of understanding.


Practitioners’ notes of learners’ discussions.


Posters/slides created by learners which describe and explain what they have discovered.


Learners’ descriptions of how they made plasticine model boats float or sink. 


Photographic or video evidence of learners’ investigative work.


Teacher notes of learners’ observations. Learners’ data and discussion about different hull shapes.


Learners’ annotated diagrams.


Learners’ advert selling the advantages of their hull design to potential rescue organisations.  Learners’ technical posters for the rescue organisations including correctly labelled tables of data and graphs/charts as appropriate.  


Learners’ contributions to the success criteria.


Annotated designs explaining thinking behind their ideas.


Group prototypes of model craft. 


Practitioners’ observations of groups planning for, and carrying out, testing of prototypes. Observation of discussions, and learner’s justifications of what might need to be changed or improved as a result of testing.





Creating


Making predictions


Evaluating


Justifying thinking


Analysing


Testing predictions


Explaining why


Explaining observations





� HYPERLINK "http://www.educationscotland.gov.uk/Images/BloomsTaxonomySkills_tcm4-654744.pdf" ��Higher-order thinking skills� skills








Taking it further


Learners could: 


explore what is meant by the term � HYPERLINK "http://www.rib.net/" ��RIB� and the advantages and disadvantages compared with inflatable boats;


research how a rescue boat is made ‘self-righting’. The RNLI ideas within the lesson plans on � HYPERLINK "http://rnli.org/safetyandeducation/teachersandyouthleaders/resources/downloadresources/Pages/default.aspx" ��‘floating & sinking and self-righting boats’� may be of use here (noting that adaptation for second level and to encourage an inquiry-based learning approach would be required). The � HYPERLINK "http://rnli.org/safetyandeducation/teachersandyouthleaders/resources/downloadresources/Pages/Activity-Sheet-Stormforce-Shoebox-Theatre.aspx" ��shoebox theatre guide� may provide opportunity to express understanding whilst incorporating interdisciplinary links with expressive arts.


Depending on the school’s locality it may be possible for the � HYPERLINK "http://rnli.org/safetyandeducation/teachersandyouthleaders/visits/Pages/Outreach.aspx" ��RNLI to visit the school� or for learners to visit a RNLI station, to involve a marine engineer in the learning via the � HYPERLINK "http://www.stemnet.org.uk/regions/1525" ��STEM ambassador scheme�, or to involve a person with an interest in sailing (e.g. a representative from a local sailing club) to discuss the learners’ thoughts, ideas and questions and demonstrate relevant artefacts.


Possible Evidence: Use of � HYPERLINK "http://www.journeytoexcellence.org.uk/resourcesandcpd/research/summaries/rsassessment.asp" ��KWL grids� to ascertain learners’ development of understanding of floating, sinking, and buoyancy. Practitioners’ notes of learners’ discussions justifying “float”, “sink” and “not sure” decisions and discussions around materials and design.


Posters/slides created by learners which describe and explain what they have discovered about making objects more or less buoyant. Learners’ descriptions of how they made plasticine model boats float or sink. Photographic or video evidence of learners’ investigative work. 











Possible tasks for exploring buoyancy through practical investigation


Learners’ ideas and previous knowledge about floating and sinking could be elicited. For example


Determine what learners understand by the words ‘float’ or ‘floating’.  Many people consider floating to be on the surface but fish, submarines and divers can ‘float’ at different depths in the water. This could be revisited following the practical investigative tasks.


Each group could be given a collection of objects and ask to predict whether each will float or sink. Learners could also indicate if they are ‘not sure’. Groups or individuals can be asked to justify their thinking whether or not they predict correctly. This can lead to discussion to attempt to explain why some objects float whilst others sink. Observations that could be drawn out might elicit learners’ misconceptions e.g. it is to do with heaviness, the type of material, shape etc. 


Buoyancy could be discussed and learners given the opportunity to carry out a simple activity to experience water exerting a force on a balloon filled with air. Learners could predict what they think will happen, carry out and observe, and attempt to explain their observation (� HYPERLINK "http://arb.nzcer.org.nz/strategies/poe.php" ��POE strategy�). If possible different fluids can be used (can be messy and slightly more expensive as well e.g. a basin of cooking oil and a basin of thick wall paper paste (non-fungicide cellulose paste from reputable school suppliers) to see whether learners’ can sense the different strengths of the buoyancy force).   


Explore why boats have similar general shapes.  A material such as plasticine could be used to make a model boat and to explore how changing volume (by moulding a fixed mass into different shapes) affects floating or sinking.  See � HYPERLINK  \l "AppendixB" ��Appendix B� for more details.





Learning experiences: Engage/Explore 


Introduction 


When involved in inquiry-based science learners need opportunities to discuss scientific phenomena and concepts. An engaging activity can be used to spark learners’ curiosity and interest in a topic, and encourage talking and thinking about scientific concepts. Appendix A � HYPERLINK  \l "AppendixA" ��“A Little Background Science”� is provided to support practitioners. 


Various strategies could be used to engage learners in thinking and talking about buoyancy and other forces (e.g. force of gravity, air friction, drag), and to explore existing understanding. 


Explore activities allow opportunities for learners to develop and examine ideas and to observe and discuss with others their experiences.  The practitioner’s role is to draw this emerging understanding together through questioning.


Stimulus


Float or sink?  The importance of the safety of the people who will be rescued, and the rescuers, is discussed.  


A video clip (e.g. � HYPERLINK "http://rnli.org/shorething/videosandphotos/videos/Pages/Flood-Rescue-Videos.aspx" ��RNLI Flood Rescue�) could be used to aid discussion and thinking.


Working in a team, learners could:


consider a group of people being rescued, and be asked to identify potential risks to the group (e.g. overcrowding of the boat);


share their thinking with other groups, and draw up a list of the most important factors to consider in ensuring a safe rescue by boat;


be told about the engineering challenge they will be working towards and discuss why a knowledge of floating and sinking and buoyancy will be important.  





Higher-order thinking skills skills








Creating


Formulating explanations for observations


Devising ways of investigating


Analysing


Identifying factors in common


 Making connections





Taking it further


Learners could discuss why some objects float at the surface, others float somewhere beneath the surface and others sink. Thinking could be linked back to the forces already discussed that are involved in floating and sinking.  This could be explored by working in groups on a challenge where learners are given eggs (raw in shell), clear tumblers, water, salt and spoons, and work together to get an egg to float mid way in the water. This could lead to discussion of why salt makes a difference.  This activity demonstrates that ‘buoyancy’ is related to the density of the liquid (e.g. Dead Sea).


Learners could be encouraged to make the connection between fish varying their depth, and submarine technologies.


The � HYPERLINK "http://pbskids.org/zoom/activities/sci/survivalraft.html" ��PBS survival raft challenge� challenges and supports learners to apply their knowledge of buoyancy in an engaging way.  Learners could take this further by exploring adding different masses to their raft and trying to add buoyancy to balance out extra mass.


Possible evidence


Use of � HYPERLINK "http://www.journeytoexcellence.org.uk/resourcesandcpd/research/summaries/rsassessment.asp" ��KWL grids� to ascertain learners’ development of understanding of floating, sinking, and buoyancy. 


Practitioners’ notes of learners’ discussions justifying “float”, “sink” and “not sure” decisions and discussions around materials and design.


Posters/slides created by learners which describe and explain what they have discovered about making objects more or less buoyant. Learners’ descriptions of how they made plasticine model boats float or sink. 


Photographic or video evidence of learners’ investigative work. 





Learners could consider other examples of things being made more buoyant and asked to think of what these have in common e.g. children wearing arm bands in a swimming pool, buoys in the sea.


Learners could also think of other ideas to explore, and devise ways of investigating these. Ideas could include:


Does the dancing raisin trick work with other light -weight objects?  When trying these out learners could be asked to make predictions, observations, and generate explanations (� HYPERLINK "http://arb.nzcer.org.nz/strategies/poe.php" ��POE strategy�) of why this trick works with some objects, and not with others. 


To explore why fish float. This allows opportunity for learners to find out why fish such as � HYPERLINK "http://www.flmnh.ufl.edu/fish/education/questions/biology.html" \l "buoyancy" ��sharks� always keep swimming.  This links our understanding of nature to developments in technology. Learners’ could be challenged to prepare a practical demonstration for other learners to illustrate their understanding. This would provide an opportunity to link to submarine technology used in rescues e.g. the � HYPERLINK "http://www.youtube.com/watch?v=hdWsOXmDo5k" ��NATO “Nemo” £160M� submarine rescue vehicle which is based in Scotland.


See Institute of Physics Coordinator explain ways in which buoyancy can be taught in the classroom: � HYPERLINK "http://glo.li/2fsuvOS" �http://glo.li/2fsuvOS� (Paste url into browser).


Hear Stewart Prodger from SEPA’s Food Unit explain how flooding can be used as a context for learning: � HYPERLINK "http://glo.li/2fsxKpK" �http://glo.li/2fsxKpK� (Paste url into browser).








Learning experiences: Explore/Explain





Introduction


Explaining the concepts about which they have been learning can help learners to demonstrate their understanding.  


The aim of these learning experiences is  to provide learners with opportunities to explore the phenomenon of buoyancy and to think about how objects can be made more (or less) buoyant.


Learners could also research how fish and other creatures can vary their depth in water.  


Possible tasks for exploring buoyancy through practical investigation


Buoyancy could be introduced through the �HYPERLINK "http://scifun.chem.wisc.edu/homeexpts/dancingraisins.htm"��dancing raisins activity�. This could be approached using Predict, Observe Explain (� HYPERLINK "http://arb.nzcer.org.nz/strategies/poe.php" ��POE strategy�).  Learners could be asked to predict what will happen to a raisin dropped into a (clear) glass of carbonated water or lemonade, before carrying this out and making observations of the raisin’s motion. Learners could work in pairs to formulate explanations for their observations. This activity demonstrates the use of gas to increase buoyancy. Through discussion the fact that the gas makes the raisins more buoyant and the reasons for this could be discussed. This discussion can be developed further using the � HYPERLINK "http://www.physics.org/tricks/cartesian-diver/" ��Cartesian Diver�. 



































Creating


Devising investigations


Producing an advert


Evaluating


Evaluating designs


Reflecting on observations


Drawing conclusions


Analysing


Exploring


Selecting appropriate methods for presentation of data





Higher-order thinking skills skills








Taking it further


The IEEE’s Try Engineering resource on � HYPERLINK "http://www.tryengineering.org/lessons/hullengineering.pdf" ��Hull Engineering� provides an engineering challenge where learners explore the role of streamlining in the construction of a hull.  It also encourages reflection on the need for engineers to work within constraints (here, the balance between speed and stability). 


Using knowledge of friction, drag and streamlining, teams of learner design a ship's hull and build it using Styrofoam and other everyday materials. Teams review all hull designs, predict which will go farthest, and then test designs on water using a force meter (a meter which measures the pulling force, sometimes called a spring balance or Newton balance – see � HYPERLINK  \l "AppendixB" ��Appendix B�) or rubber band for propulsion. Teams evaluate all hull designs, reflect on observations and conclusions, and present to the class.


Possible evidence


Teacher notes of learners’ observations during investigation


Learners’ data and discussion about different hull shapes


Learners’ annotated diagrams explaining different examples of streamlining.


Learners produce an advert to sell the advantages of their hull design to potential rescue organisations.  Advert can be for a newspaper, radio or for TV. Learners will need to think carefully about how to ensure their explanations are appropriate to the particular medium and use of scientific language. To accompany this, learners produce a technical poster for the rescue organisations to include correctly labelled tables of data and graphs/charts as appropriate.  The poster will also include the learners’ conclusion based on their experimental findings.





Learners could explore water resistance by pushing or pulling a variety of objects through water and investigating factors which seem to affect resistance.  It should not be very challenging for learners to work out whether or not square shapes objects are more or less streamlined than pointed ones so to add to the difficulty and cognitive challenge, learners could test a range of different objects which are pointed at the front but have subtle shape differences, devising their own ways to investigate this to gather information from which to draw conclusions.


Learners could report back on their observations and conclusions relating to objects moving through the water, anything else they noticed e.g. stability, and any other thoughts they have, bearing in mind the context of Rescue Vehicles.


Learners could research examples of streamlining in nature or in technologies. They could gather examples of images of streamlining for a particular category e.g. sharks, seals, submarines, competitive diving, and annotate the pictures with explanations of use of streamlining.


This could be related to drag.  Drag can be introduced in a simple way by getting the learners to run in an open space, and then to repeat this with their coats pulled up behind their heads.  Through discussion this can be identified as a form of friction.  Sails could be made on simple plasticine boats to explore how sails can be used to create drag to slow or turn a boat.














Learning experiences: Explore





Introduction


Explaining the concepts about which they have been learning can help learners to demonstrate their understanding.  


The aim of these learning experiences would be for learners to explore how hull shapes affect the way in which boats move through water, and to develop understanding of friction and streamlining.  


Learners would be encouraged to make use of scientific terms which could be added to a class � HYPERLINK "http://www.k12reader.com/10-great-word-wall-strategies-for-classrooms/" ��word wall� or similar as they come to understand these words.





Possible tasks for exploring through practical investigation ways to reduce water resistance (drag) 


Learners may have already carried out work on forces and air resistance and if so this could now be related to the concept that water can create resistance to a boat which is moving through it. This resistance acts in the opposite direction to the direction the boat is moving (friction always act to oppose motion).








Possible tasks to apply understanding of buoyancy and water resistance, and apply evaluation skills


The challenge is to: 


design a suitable shape for the body of the rescue boat; OR


create a system using air bags or air tanks to deal with different weights in the boat or different weather conditions.


Groups will identify the tasks that will be involved in the challenge, such as: 


research boat shape or buoyancy in a small rescue boat, exploring design factors. This research should incorporate data gathered in the explore/explain stage within the hull engineering challenge;


sketching up of possible ideas;


as a team, evaluating and combining the best of the group’s ideas, justifying decisions;


building and testing prototypes;


reflection: assessing the model and making any necessary adjustments.


Groups working on the same challenge agree criteria and testing against which the hulls or systems can be judged.  Groups should be given the chance to test models and make any necessary modifications.


Groups can use the Understanding Flooding Learning Journey to explore the impact of flooding on people’s lives.








Creating


Devising tests


Creating and sketching ideas


Evaluating


Suggesting and making improvements


Evaluating and combining ideas


Justifying decisions


Analysing


Researching solutions and design factors


Assessing and improving designs











Higher-order thinking skills skills








Resources


Many companies in Scotland design and make boats for particular purposes.  � HYPERLINK "http://www.stormcats-islay.com/" ��The website of this company could be shown before or after the challenge to help the learners reflect on the kinds of commissions that might be received.� 


Learners could send letters or emails to this company or a similar one to find out more about the work environment and some of the challenges they face and skills they use.  It would be worth contacting a company in advance to see if they would be willing to give an overall reply answering some of the learners’ questions.  


Possible Evidence


Learners’ contributions to the success criteria


Annotated designs explaining thinking behind their ideas


Group prototypes of model craft. Craft have to float and look streamlined.  If the models are small then roof guttering can be used for speed / time trials to compare effectiveness of streamlining.


Practitioners’ observations of groups planning for, and carrying out, testing of prototypes. Observation of discussions, and learner’s justifications of what might need to be changed or improved as a result of testing.


Taking it Further


Group posters, newspaper articles or news broadcasts to describe and explain the impact of flooding on people’s lives, how to try and prepare for flooding including information about how to find out about how to obtain best guidance from the emergency services  during flooding.  This can be assessed using a rubric of agreed success criteria, negotiated with learners. 


The basic science principles of floating and sinking are strongly related the “hovering” in flight, explored through the Rescue Vehicles: Helicopters learning journey.





Learning experiences: Elaborate/Evaluate





Introduction


Elaborate activities allow learners to apply the knowledge and the skills that they have been learning.  A range of different skills could be used and reflected upon e.g. identifying prior knowledge, identifying what the challenge requires, researching solutions, making, testing and evaluating and reflecting. 


The aim of this challenge is to allow learners to apply knowledge, understanding and skills gained in sciences and technologies to engineer a 3D model.  They will also be given opportunities to devise tests for their working model in order to suggest or make improvements to it.  


Potential Interdisciplinary Links


This challenge could be extended and linked to the geography of different areas e.g. how would different prevailing winds, heights of tides, rocky shorelines affect the craft design?


Citizenship issues locally, nationally and internationally.  Learners can explore the impact of flooding on people’s lives and the different approaches to flood defences that are being used.  








 


