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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.   

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. The ideas developed could equally be applied when looking at e.g. mountain rescue. 

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 lift, balanced forces and the ‘Bernoulli effect’  and apply these to investigating lift, aerofoils, and testing and evaluating a prototype model rotor blades.  Learners are given the opportunity to apply design thinking by researching the problem, working to a brief, testing ideas, and modelling, testing and evaluating prototypes against agreed success criteria. The underpinning science principle of this learning is related to SCN 2-08b.
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 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 (of all ages!).  Understanding hovering or flying relates to the concepts of balanced and unbalanced forces such as lift, gravitational pull and air friction.  This may involve the use of new scientific language with which learners will need the opportunity to become familiar. There are strong parallels with the concept of floating and sinking. It is worth noting that pressure is a measure of the force applied to an area of a surface. Pressure is not force. 

Forces

Hovering, rising and lowering depends upon the comparative values of weight (gravitational pull, measured in newtons (N)) of an object and the lift produced by the rotor blades.  When:

a) weight is equal to lift then helicopter can hover at constant height;

b) weight is less than the lift then helicopter rises e.g. taking off;

c) weight is greater than the lift then the helicopter lowers e.g. landing.

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 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 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 intuitive for learners. 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”.  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:

· 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: pupils 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 pupils 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. 

Demonstrating Forces

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. Lift – using a model remote control helicopter. Place the helicopter on to sensitive digital kitchen scales.  Fix the helicopter in place with tape. Record the value (mass in grams).  Repeat the process with the rotor blades turning quickly – the value will be different. Challenge learners to explain this observation.  An alternative for the toy helicopter may be a battery operated hand held fan. This will need to be tried out in advance; depending upon the type of fan there may not be sufficient lift generated to give an observable difference in value.

Using Force Meters (spring balances / Newton meters):

1. These 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 2 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.

Experiencing Lift Force

1. Using a cheap remote control helicopter (it may be possible to borrow one), the learner holds the bottom of the helicopter whilst someone else tries to fly the helicopter. The learner should feel the lift force. Note: a risk assessment may be required. 
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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; link and apply different kinds of learning in new contexts.


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


Note: a helicopter hovering is experiencing ‘balanced forces’ in a similar way to an object floating.  A helicopter hovering can be loosely described as ’floating in air’.


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; openness to new thinking and ideas.


Responsible Citizens: respect for others


Effective Contributors: resilience and self-reliance





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 of lift shape.


Practitioners’ notes of learners’ discussions.


Posters/slides created by learners which describe and explain what they have discovered about the design of rotor blades or wings and the effect on lift.


Photographic or video evidence of learners’ investigative work.


Practitioners’ notes of learners’ observations during investigative work. 


Learners’ annotated diagrams explaining different examples of streamlining.


Learners’ advert selling the advantages of their rotor design to potential rescue organisations / manufacturers.  


Learners’ contributions to the success criteria.


Annotated designs explaining thinking behind their ideas.


Group prototypes of model blades / wings.  


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.


Learners’ reflections presented to others, on what they have learned about their own learning through the journey.





Success criteria





I can plan and carry out practical investigations into the design of rotor blades or wings to provide maximum lift. I can describe the effects of changes to the design on lift. 








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


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 design of a winch system or rotor blade design. 


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. 





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.





Learning experiences: Engage/Explore 


Introduction 


When involved in enquiry 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 air pressure and corresponding forces. This may provide opportunity to explore misconceptions about these concepts. 


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


Helicopter Rescue!  The importance of the safety of the people who will be rescued, and the rescuers, is discussed. 


A video clip (e.g. Air-Sea Rescue Flood Rescue) or images of air-sea rescue helicopters could be used to aid discussion and thinking. 


Working in a team, learners could:


consider a group of people being rescued in an area of severe flooding, and be asked to identify potential risks to the group, and to the helicopter pilots. Learners who have completed the Rescue Vehicles: Boat Flood Rescue learning journey could compare and contrast the risks associated with a rescue by boat and by helicopter. 


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


be told about the engineering challenge they will be working towards and discuss why a knowledge of air pressure, lift and gravitational pull will be important.  








Creating


Making predictions


Evaluating


Drawing conclusions


Analysing


Testing predictions


Explaining observations





Higher-order thinking skills skills








Taking it further


Learners could:


explore why the shape of wings and rotors generally have same basic shape;


discuss how the effectiveness of different rotor blade shapes could determined by investigation.


Possible Evidence: 


Use of � HYPERLINK "http://www.journeytoexcellence.org.uk/resourcesandcpd/research/summaries/rsassessment.asp" ��KWL grids� to ascertain learners’ development of understanding of lift shape. An outline �HYPERLINK "http://www.sserc.org.uk/index.php/teaching-a-learning-start/developing-skills/2083-kwl-grid-preparing-for-the-task"��KWL� grid can be found on SSERC’s website. 


Practitioners’ notes of learners’ discussions of designs.


Posters/slides created by learners which describe and explain what they have discovered about the design of rotor blades or wings and the effect on lift (lift force). 


Photographic or video evidence of learners’ investigative work. 











Possible tasks for exploring lift (lift force) through practical investigation


Learners’ ideas and previous knowledge about flight could be elicited through pair and share discussions.


Learners could explore the effects of air pressure. For example


rubber suckers (what we often describe as “suction” is simply a difference in air pressure);


learners hold two sheets of A4 paper vertically, approximately 4-5cm apart, and are challenged to ‘blow’ the sheets apart. Fast flowing air moving between the sheets is at lower air pressure compared with the outside of the paper and the sheets are forced together. This would be an opportunity to use the strategy of � HYPERLINK "http://arb.nzcer.org.nz/strategies/poe.php" ��predict, observe, explain� with learners. 


using the ‘Helicopter Seeds’ activity from the � HYPERLINK "https://www.stem.org.uk/" ��National STEM Centre� eLibrary (register and search for “helicopter seeds”). This a interdisciplinary maths package in which learners have the opportunity to modify the basic helicopter seed, so that the seeds spread further, by changing parameters such as wing width, wing length, tail length or mass.


as above but search for ‘Bernoulli Balls’.  This can be used as a stimulus for discussion.  The experiment can also be done using straws and Maltesers. 


this � HYPERLINK "http://www.youtube.com/watch?v=159JUN6e9rA" ��trick� demonstrates lift generated by flowing air. It could be used to challenge learners’ thinking skills as they try to work it out!  This can possibly be an activity completed at home. The solution is to blow horizontally across the cups.





Creating


Making predictions


Devising investigations


Producing an advert


Evaluating


Drawing conclusions








Higher-order thinking skills skills








Possible evidence


Practitioners’ notes of learners’ observations during investigative work. 


Learners’ annotated diagrams explaining different examples of streamlining.


Learners could produce an advert selling the advantages of their rotor design to potential rescue organisations / manufacturers.  











Learners could report back on their observations and conclusions relating to objects moving through the air, including their wider observations e.g. stability, and any other thoughts they have.


Learners could research examples of streamlining in nature or in technologies. They could gather examples of images of streamlining and annotate the pictures with explanations of use of streamlining. The � HYPERLINK "http://biomimicry.net/educating/" ��Biomimicry Institute� website has material and images which could be used by learners (for example, the connection between the design of � HYPERLINK "http://biomimicry.net/about/biomimicry/case-examples/transportation/" ��the bullet train and the kingfisher bird�).


This could be related to drag.  Drag can be introduced in a simple way by getting the class 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.  A video of a � HYPERLINK "https://www.youtube.com/watch?v=jFvB2SO2Rpw" ��space shuttle landing and the parachute� being deployed could be used to illustrate this further. 


Using knowledge of friction, drag and streamlining, groups of learners could design a helicopter’s rotor blade and build it using Styrofoam and other materials. Groups could review all rotor designs, predict which will provide greatest lift, and then test designs using a simple frame constructed from doweling and using sensitive digital kitchen scales. Some form of air stream will be required, for example using a hair drier with multi-speeds. Groups could evaluate all rotor designs, reflect on observations and conclusions, and present to the class.


Learners could discuss why some helicopters have a vertical rotor at the back of the craft.  











Learning experiences: Explore/Explain





Introduction


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


The aim of these learning experiences is to allow learners to explore how rotor/wing shapes affect the amount of lift produced.  


Learners should be encouraged to make use of scientific terms which could be added to a class � HYPERLINK "http://www.readingrockets.org/strategies/word_walls/" ��word wall� or similar as they come to understand these words.


Possible tasks for using a variety of resources to investigate and find out ways to reduce air resistance


Learners may be challenged to research and explain why single rotor helicopters have a smaller rotor at the tail of the craft.  A further challenge would be to explore and explain why craft such as the Chinook helicopter has two rotors which spin in opposite directions (� HYPERLINK "http://www.youtube.com/watch?v=M4H-C0TNB9k" �http://www.youtube.com/watch?v=M4H-C0TNB9k� )














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


Companies such as �HYPERLINK "http://www.leonardocompany.com/en"��http://www.leonardocompany.com/en� manufacture helicopters in the UK and it may provide a source of information if practitioners thought it worthwhile contacting the company.  It may be that one of the engineers acts a � HYPERLINK "http://www.stemnet.org.uk/regions/1525" ��STEM ambassadors�.


Possible Evidence


Learners’ contributions to the success criteria


Annotated designs explaining thinking behind their ideas


Group prototypes of model rotor blades/wings using cheap anemometers and digital balances to compare the effectiveness of rotor design.  This may be an opportunity to liaise with secondary school science faculties, university engineering departments, the RAF if appropriate and � HYPERLINK "http://www.stemnet.org.uk/regions/1525" ��STEM ambassadors�.


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.


Learners’ reflections presented to others, on what they have learned about their own learning through the journey.


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 doing during the flooding.  This can be assessed using a rubric of agreed success criteria.





Possible tasks to apply knowledge and understanding of lift, air pressure and air resistance to designing and building a helicopter rotor, and using skills of evaluation


The challenge is to: 


design a suitable shape for the body of the helicopter; OR


design a winch system for the rescue helicopter.


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


research helicopter design factors. This research should incorporate data gathered in the earlier stages of the learning journey;


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 designs can be judged.  Groups should be given the opportunity to test models and make any necessary modifications.


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











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 engineering 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 i.e. how would different prevailing winds, heights of tides, rocky shorelines affect the type of 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.  








 


