[image: image1.jpg]


[image: image2.png]ST E’M/_/C__EOI;TRAL

Engineering through sciences, technologies and maths






Introduction
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Polymeric biomaterials are widely used in clinical applications such as dentistry, ophthalmology, orthopedics, cardiology, drug delivery, sutures, plastic and reconstructive surgery, and tissue engineering. Polymeric biomaterials are chosen for different applications depending on their properties. They act as substitutes for soft and hard tissues in the body. The topic of polymeric biomaterials provides rich opportunities for interdisciplinary learning.

Scene setter - Polymers are formed to the required shape and placed in or on the body to replace the normal function(s) of the tissue. Not all polymers are compatible with the tissues of the body and, when left in contact with the body, some can cause toxic reactions. The context for this learning journey is the search for a suitable polymeric biomaterial.

The learning experiences suggested offer opportunities for learners to develop understanding of the properties of polymers, including formation and uses.  There are opportunities for learners to apply investigative skills and extract relevant information. 

An overview planning sheet is shown on the next page, which gives a plan for learning and teaching starting from the experiences and outcomes. The journey offers opportunities for inquiry based learning and to develop and apply knowledge, understanding and skills in relation to a contemporary engineering application.  Opportunities to develop literacy skills are also illustrated. Possible evidence of learning which could be gathered is shown.[image: image4.png]24 smarter
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Sciences experiences and outcomes


I have carried out research into novel materials and can begin to explain the scientific basis of their properties and discuss the possible impacts they may have on society.


SCN 4-16a





I have researched new developments in science and can explain how their current or future applications might impact on modern life.


SCN 4-20a 











Interdisciplinary learning planning opportunities


From my studies of technologies in the world around me, I can begin to understand the relationship between key scientific principles and technological developments. TCH 3-01a





Responsibility of all areas which could be addressed in this learning journey:


I can independently select ideas and relevant information for different purposes, organise essential information or ideas and any supporting detail in a logical order, and use suitable vocabulary to communicate effectively with my audience. Listening and Talking	                        LIT 4-06a











Success criteria


 I can give examples of polymers that exist or are in use in my everyday life.


 I can give examples of polymers with different properties and explain some of the uses to which they could be put.


I can show that different monomers have different structures.


I can explain that the properties of polymers, formed by polymerisation, differ from the properties of the component monomers.


 I can give examples of polymers that are found in nature.


 I can explain how scientists and engineers have modified and created new polymers and some of the applications of these.


 I can identify examples of biological functions and processes in nature inspiring scientists and engineers to design innovative products.


I can research current biomaterials used for a given function.





I can analyse different polymers that could be used for a particular function and in a team create a pitch selling and explaining my choice.











Learning intentions


Know that polymers are widely used and can have different properties which make them suitable for different purposes.





Through practical investigation, show that polymers can be broken into component monomer units.





Research ways in which scientists and engineers have modified existing polymers, and created new polymers, and explain the applications of these polymers





Know that scientists and engineers use inspiration from nature to design innovative new products.





Evaluate different polymers for a given function.














Possible evidence


Learners could be given a choice as to how to evidence their learning within this learning journey to allow for personalisation and choice and differentiation.





A table of examples of polymers, their properties and possible uses





Successful completion of the poly(e)thene experiment and discussion on the properties of the monomers and polymers.





Examples given of natural polymers and where they are found in nature





 Peer assessment of presentations against success criteria agreed with the class.





Learners’ discussions of the bio-inspiration activity and the information gathered from the case studies.





Group presentation of a pitch selling a particular polymer for a given purpose to a company, peer assessed against agreed success criteria








Experiences and outcomes


I have carried out research into novel materials and can begin to explain the scientific basis of their properties and discuss the possible impacts they may have on society.





SCN 4-16a





I have researched new developments in science and can explain how their current or future applications might impact on modern life.





SCN 4-20a 





Prior knowledge


By exploring the properties of different substances and how they can be changed, learners gradually develop their understanding of the connection between structure and properties. They explore the development of new substances which have useful properties, and begin to relate physical and chemical properties to models of atomic structure.








Possible evidence


A table with appropriate headings to link property and use of polymers


Summarised information from IET Nature Reinvented video


Quality and depth of discussion during and after the card sort activity.


Taking it further


A carousel or walkabout talkabout task could be used to extend discussion and thinking with questions or images at each station as stimulus: 


Where are polymers found / used in everyday life?


Name different types of polymers and the properties they have, e.g. flexible, strong, biodegradeable?


Where are polymers used in biomedical applications? 


Name some polymers used in biomedical application, and suggest a reason why that particular polymer was chosen for that application.





Commenting on previous groups’ responses can extend learners’ thinking and reflection.





The carousel task could be supplemented with other information such as: scientific explanations, images, technical information.














Learning experiences: Engage





Where are different polymeric biomaterials used in the human body?





Introduction


Learners are challenged to discover why different polymeric biomaterials are used in the human body, the properties of materials required to replace different tissues and the implications of introducing foreign materials into the body.  





Engage activities are designed to interest learners in the ideas relating to scientific concepts, creating real reasons for further exploration. 





Possible stimulus


Classroom display of commonly used polymers such as shampoo bottles, polythene bags, Kevlar, PVC. 


A “show and tell” in which learners’ bring an item and share prior knowledge of polymers





Learning intention


Know that polymers are widely used and can have different properties which make them suitable for different purposes





Possible tasks


The opportunity for learners to touch / manipulate objects made of plastics to spark discussion around the idea of the material being “fit for purpose” and different materials required for different functions.





Use� HYPERLINK "http://faraday.theiet.org/resources/video/nature-reinvented.cfm" �� IET Nature Reinvented video� as an opportunity to extend learners’ knowledge. While watching, learners should summarise information from the video in their own words, to be able to discuss in pairs: 


the names of the materials used in the biomedical implants and whether or not the materials are polymers


some of the factors that bioengineers must consider when designing prostheses, and how the properties of the materials impacts on suitability for purpose.


 


The accompanying card sort activity could be used in other ways e.g. as an IWB activity. Learners sort and match biomaterials to the organ/tissue that they might replace, identifying which of the biomaterials are polymers. Suggested classroom discussion after the activity:





How did the groups decide which biomaterials are the most suitable to replace a specific tissue – ‘fit for purpose’?


How did they identify polymers? 





Possible tasks


Learners could be challenged to:





identify monomers and elements given the structural formulae of polymers identified in the engage stage.  Does the monomer have the same properties as the elements? Does the monomer have the same properties as the polymer?


work in groups to build physical models of an addition polymer to demonstrate and explain the polymerisation process. Very simple models can be built from linking paper clips or paper chain links to represent monomers. (Tangling several distinct chains together can illustrate the phenomenon of polymer chain entanglement). A simple three dimensional model can be constructed using sweets (e.g. wine gums or midget gems) and toothpicks, or a molecular model set. 


pick out the monomer from more complex polymeric biomaterials.


carry out an experiment to break polythene into its component ethene monomer units.


develop a short explanation to tell an identified audience what monomers and polymers are including reference to an appropriate model/analogy








Learning experiences: Explore/Explain





Introduction


In the explore stage, learners will develop a shared understanding of what a polymer is, the variety of polymers and the existence of natural and synthetic polymers. 





Possible stimulus


�HYPERLINK "http://www.bbc.co.uk/bitesize/standard/chemistry/plasticsandothermaterials/plastics/revision/1/"��Plastics and Polymers video� 


as an introduction to monomers, polymers and their properties:





Plastics are synthetic materials called polymers 


Polymers are made of small molecules called monomers obtained from crude oil


The plastic's properties depend on how the polymer chains are arranged


Plastics are used in an enormous variety of products like bags and milk bottles





Learning Intention


Through practical investigation, show that polymers can be broken into component monomer units











Prompt questions to help with planning could include:


Who are your audience?


How could you communicate with the audience in an interesting way?


How can you make the information accessible to the audience?


Which media will you choose to communicate with them in e.g. a short video, an interactive PowerPoint.





Possible evidence


The models and demonstrations of the polymerisation process


 


The developed explanations for an identified audience.





Reflecting on learning





Learners could re-visit the walkabout talkabout task, updating the information based on the learning within the explore tasks.





Possible evidence


Presentations peer assessed against success criteria agreed upon with the learners





Reflecting on learning





Classroom discussions on the presentations and during activities could focus on: 


Which polymers are natural and how do natural polymers become synthetic?


Who are the scientists, who are the engineers, and what is the difference between them?


How do the properties of the polymer make it suitable for its particular uses and for what other uses would it be suitable?





Taking it further


Learners could take the role of material scientists producing a plastic from potato starch and investigating the effect that adding a ‘plasticiser’ has on the properties of the polymer that they make using an activity such as the one linked to here: � HYPERLINK "http://www.practicalchemistry.org/experiments/making-a-plastic-from-potato-starch,149,EX.html" ��Potato starch investigation�


Learners could take the role of biomaterial engineers creating a poly-vinyl alcohol (PVA) polymer (See accompanying resource about Nose Cartilage) with borax to engineer a polymeric biomaterial with properties similar to nose cartilage - a rubbery tissue whose shape determines the shape of the nose.











Possible tasks


Discuss the difference between scientists and engineers before watching. The History of Rubber video. Then, discuss with learners a “scientist” and an “engineer” within the video, which is which and what the difference is.  This could be extended into a careers-based lesson, using resources from � HYPERLINK "https://www.myworldofwork.co.uk/" �https://www.myworldofwork.co.uk/� 





Ask learners to sort a range of polymers into natural, and man-made. To stimulate thinking, pictures of the sources of the polymers could be provided on the IWB.





Learners could be provided with information outlining the use of natural and artificial polymers in biomedical applications (see accompanying resources) for review and summarising in their own words. Alternatively, learners could undertake research to produce a short presentation for their peers outlining:


where and when a particular polymer was discovered,


if it is natural or synthetic


its properties and the elements it contains


the main scientists and engineers involved in its development


the key technological advances and scientific discoveries that lead to developments


how it was first used and how  its use has changed over time – including medical applications








Learning experiences: Explore





Introduction


Polymers exist naturally and are found in nature. Humans have devised ways of modifying existing polymers and creating new ones.





In this explore stage, learners will research the development of polymers used in different medical applications, and the scientists and engineers that created them.





Possible stimulus


� HYPERLINK "https://www.youtube.com/watch?v=rHhD6YhsGk0" ��The History of Rubber video


�


Learning intention


Research ways in which scientists and engineers have modified existing polymers, and created new polymers, and explain some applications of these polymers











Learning experiences: Elaborate





Introduction


Material scientists and engineers are involved in the extraction, development, processing and testing of existing materials and the creation of new materials with specific properties (e.g. mechanical, electrical and chemical) to meet certain requirements.





In this stage, learners will explore bio-inspiration by discovering how material scientists and engineers have created new materials, including polymers, based on nature and discovered other uses for materials found in nature.





Possible stimulus


Bio-inspiration interactive





Learning intention


Identify examples of scientists and engineers using inspiration by nature to design innovative new products. 











Possible evidence


The learners’ responses during the classroom discussion; contribution to placemat or other structure group task





Reflecting on learning





Learners should discuss what features make particular biological structures and processes  fit for purpose, and ways in which scientists and engineers can learn from nature, as well as about nature. 





Reflecting on learning





Learners could seek inspiration from nature by keeping a journal (for a week or more) of design ideas and sketches for new materials, products and better ways of doing things inspired by animals, plants and natural processes.





Learners should be encouraged to observe details about the animal or plants form/function/behaviour and to ask why that particular form/function/behaviour exists.














Possible tasks


Introduce the topic of bio-inspiration (learning from nature) using the bio-inspiration interactive. Learners should discuss how scientists and engineers have observed nature in action and used that knowledge to inspire new ideas, innovative products and better ways of doing things. What other examples of bio-inspiration can they think of - something that has been designed with nature in mind?





Working in small groups (e.g. using � HYPERLINK "http://www.learnalberta.ca/content/sssm/html/placematactivity_sm.html" ��Placemat activity�) learners could pick one of the case studies on the �HYPERLINK "https://biomimicry.org/biomimicry-examples/"��Biomimicry Institute website� and consider the following questions:





What is the problem or technical challenge?


What biological function or process is the inspiration?


What is the solution and how is advantageous?


Are there other animals and/or plants with the same or similar functions/processes that could have provided inspiration?


� HYPERLINK "http://www.biomimicryinstitute.org/case_studies.php" �� �





� HYPERLINK "http://www.asknature.org/" ��The Ask Nature website� has a wealth of information 











Possible tasks


Bio-inspiration – what does nature do here?


Learners take on the role of scientists and engineers in a company that is developing  a range of tissue engineering scaffolds. Learners should select an organ/tissue (see accompanying resources to see the ideas provided), research the organ/tissue, and consider the functions and properties of the organ / tissue being replaced.





Inspired by, and learning from, the function and processes of the natural organ/tissue, challenge learners to select a suitable polymeric biomaterial(s) for the prosthesis.  





Each team should explain to the company’s design team: the properties of the polymeric biomaterial; the biological functions of the organ/tissue being replaced ; what makes the polymer suitable; what makes it better than/different to the rival products on the market; how the properties of the polymeric biomaterial might be improved to make it even more suitable.





Information on existing products on the market, corresponding to the choices above, can be found by accessing the accompanying resources.





Learning experiences: Elaborate/Explain





Introduction


Engineers often use the natural world as inspiration for design. Biomedical technologies are not only inspired by the properties and structure of the organs and tissues they replace, the materials are often inspired by a broader look at nature.





In the elaborate stage, learners examine the biological function of an organ/tissue for which they will design a prosthesis. The elaborate stage allows learners to apply new learning, make choices and bring in other skills such as literacy.





Resources


The information from the classroom discussions on polymers – in particular how the properties of the polymer make it suitable for particular uses.





The � HYPERLINK "http://www.rsc.org/" ��Royal Society of Chemistry� website has various articles (� HYPERLINK "http://www.rsc.org/chemistryworld/News/2009/May/06050903.asp" ��Polymers feel the force�; � HYPERLINK "http://www.rsc.org/chemistryworld/News/2010/March/10031003.asp" ��Shape-shifting polymers�) regarding polymer development to provide background for the teacher and / or learners.





Learning intention


Evaluate different polymers for a given function





Taking it further


Challenge learners to provide creative ideas on how the design of the prosthetic could be made even better.





Possible evidence


The prosthesis designed by the learners and the explanations to the company’s design team of why the particular polymeric biomaterial has been selected.





Reflecting on learning


Learners should reflect upon how experts such as surgeons, materials scientists and engineers work together to solve problems and engineer solutions.  


Why are the knowledge and skills of one discipline not enough to analyse the problem and find a solution? 


Is there only one solution and what factors are taken into consideration when deciding on a solution?





Responsibility of all


This project would give strong opportunities to address an aspect of responsibility of all such as:


I can independently select ideas and relevant information for different purposes, organise essential information or ideas and any supporting detail in a logical order, and use suitable vocabulary to communicate effectively with my audience.  LIT 4-06a











