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Introduction

Humankind is always searching for ways of replacing or improving upon body functions.  The Scottish company, Touch Bionics is at the forefront of upper limb prostheses. Their engineers created the world’s first myoelectric artificial hand with five articulating digits (the limb is controlled by converting muscle movements to electrical impulses). Touch Bionics i-LIMB hand technology is demonstrated in this video on Glow: http://glo.li/2fwrq09 (paste url into browser).
Scene setter - The context for this learning journey is the development and operation of artificial prostheses that employ brain computer interfacing. This includes consideration of the ethical implications of such developments. Currently, myoelectric devices lead the way in upper limb technology enabling the limb to pinch, grip, and release objects based on muscle movements. This technology may be limited by the number of input signals that are available for selecting a function (i.e. muscle movements such as a single tap, double tap etc.) and the outlook for the future of artificial upper limbs lies in artificial neural networks and pattern recognition to control the limb. 

This learning journey with a sciences focus is aimed at Fourth Level. There are opportunities for learners to engage with case studies and carry out research into brain-computer interfacing. Brain-computer interfaces (BCIs) often aim to repair, assist or augment impaired body functions (e.g. cognitive or sensory-motor functions). 

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. 
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Sciences experiences and outcomes 


I can explain how biological actions which take place in response to external and internal changes work to maintain stable body conditions. SCN 4-12a 


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 


Having investigated a current trend of technological advance in Scotland or beyond, I can debate the short- and long-term possibilities of the technological development becoming a reality. TCH 4-01b








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


When listening and talking with others for different purposes, I can:


communicate detailed information, ideas or opinions


explain processes, concepts or ideas with some relevant supporting detail


sum up ideas, issues, findings or conclusions. LIT 4-09a








Success criteria


I can explain how the brain communicates with the body using terms such as neuron, electrical impulse, motor nerve, sensory nerve.





I can research and discuss ways in which humans could communicate directly with computers/machines.


I can analyse possible advantages and disadvantages of humans communicating directly with computers/machines.


I can share and explain my opinions on the impact of the use of artificial limbs, and how this affects quality of life.


 I can work in a group to contribute to a list of ethical guidelines which we think would be useful to researchers who develop artificial limbs.


I can work as part of a team to create an explanation of why we think a particular way of controlling artificial limbs is better than others.








Learning intentions


Know some of the ways the central nervous system allows humans to interact with their surroundings and co-ordinate behaviour





Know some of the ways humans can communicate directly with computers or machines 





Explore and analyse the impact artificial limb technology has on the quality of life for its users





Create ethical guidelines for use by researchers who develop artificial limbs


 Develop a reasoned argument for why a particular way of controlling artificial limbs may be better than others














Possible evidence


Teacher observation around discussion


Learners’ annotated drawings, simple models, written explanations etc





Learners' discussions and any written conclusions














Quality and depth of discussion. Record of any conclusions about advantages, disadvantages and risks





List of ethical guidelines produced by learners


Presentations to the ethics committee, e.g. development process, quality of delivery, ethical discussion around each presentation








Experiences and outcomes


I can explain how biological actions which take place in response to external and internal changes work to maintain stable body conditions. 


SCN 4-12a 


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 


I have explored the structure and function of organs and organ systems and can relate this to the basic biological processes required to sustain life. 





SCN 3-12a 








Case studies, examples of how humans already directly interface with machines/computers: 


� HYPERLINK "http://usmilitary.about.com/od/womeninthemilitary/a/afhelmet.htm" ��Eye tracking missile systems�


General information


� HYPERLINK "http://www.pbs.org/saf/1107/index.html" ��The Bionic Body�


� HYPERLINK "http://www.livescience.com/11381-bionic-humans-top-10-technologies.html" ��Live Science Bionic Humans: Top 10 Technologies�


Possible tasks


Working in small groups, learners could consider and research questions such as:


How do science fiction characters, such as Dr Octopus in Spiderman films and comics, control their artificial limbs, and would this actually be possible for humans?


What functions do the most advanced artificial limbs have and how do/might they work?


Do you think it would be possible for the brain to communicate directly with machines and how could this be done?





Learners could share any ideas of ways humans might, or already do, directly interface with machines, presenting a summary of discussions to the class.





During the discussions, there could be an opportunity for learners to note ideas of key questions to research about the brain communicating directly with machines. 








Possible evidence


Written explanations and discussion of how the brain could communicate directly with machines.


Reflecting on learning


Using a tool such as an “ideas wall” during the learning journey would offer the opportunity for learners to consolidate knowledge and understanding by exploring, postulating theories about, and challenging / revising shared ideas


Taking it further


After reading about or watching video footage explaining how Claudia Mitchell’s artificial arm works, learners could discuss some of the science vocabulary used or other related vocabulary already known. This could be shared via a ‘graffiti wall’.





Following the discussion on vocabulary, learners could be asked to summarise how the technology works.


An additional activity “Bionic arm moved by brain waves” could also be used here:  � HYPERLINK "http://www.upd8.org.uk/activity/182/Bionic-arm-moved-by-brain-waves.html" \l "reviews"��http://www.upd8.org.uk/activity/182/Bionic-arm-moved-by-brain-�� HYPERLINK "http://www.upd8.org.uk/activity/182/Bionic-arm-moved-by-brain-waves.html" \l "reviews"��waves.html#reviews�  














Learning experiences:  Engage


Is it possible for the human brain to communicate directly with machines?





Introduction


By studying science fiction characters and real-life case studies, learners can begin to explore the concept of humans interfacing with machines directly as a means of restoring impaired body functions. 


Possible stimulus


Setting the scene by making comparisons between characters with bionic enhancements from science fiction and real-life, latest technology.


Showing clips (without an explanation of how the technology works) from the video footage of � HYPERLINK "http://news.bbc.co.uk/1/hi/health/5348458.stm" ��Claudia Mitchell� - the first woman to be fitted with a prosthetic limb which can be controlled by signals from her brain.





Example video clips of Claudia Mitchell using her prosthetic arm:


� HYPERLINK "http://www.youtube.com/watch?v=X1OBzc9QfIs"��http://www.youtube.com/watch?v=X1OBzc9QfIs�


� HYPERLINK "http://www.youtube.com/watch?v=xuIGXStjOJE"��http://www.youtube.com/watch?v=xuIGXStjOJE�








Reflecting on learning


Questions such as the following could be asked: 


What information did you already know at the beginning of this work? What did you learn during the work?


Did you find out anything surprising?


Did everyone have an opportunity to contribute to the task? 


How has your knowledge and understanding of the central nervous system changed or developed from the start of the activities?


Taking it further


Learners could explore through practical activities, various reflex responses such as pupil dilation, knee jerk and blink reflexes. 


Learners could discuss the purposes of reflex reactions and the day-to-day situations in which reflex reactions keep us safe e.g. reacting quickly if we accidentally touch something hot. This could be related to the next prototype idea for the prosthetic arm technology used by Claudia Mitchell.














Learning experiences: Explore 1





Introduction


Exploring how humans can communicate directly with machines provides opportunities for learners to develop and/or refresh knowledge and understanding about the central nervous system. 


Learning Intention


Give simple explanations of how the brain communicates with and controls the body, using terms such as neuron, electrical impulses, motor and sensory nerves.





Possible tasks


After sharing existing knowledge as a class  in the engage stage learners could be challenged to work in small groups to produce drawings and short explanations of how the brain communicates with/controls the human body and the structures involved in this (e.g. brain, spinal cord, nerves, types of neurons). Pictures, explanations, key words/statements could be written on post-it notes and placed on the graffiti wall.











Ideas could be challenged, added to and revised. Specific questions could be addressed at this point such as “Which part of the brain controls voluntary movements?”





After developing and/or refreshing their knowledge and understanding about the central nervous system, learners could be asked to (re)consider how it might be possible for the brain to communicate directly with machines. 





Possible evidence


Written explanations and discussion of how the central nervous system works and controls the human body.  Model work may include K’Nex, pipe cleaners or other suitable equipment.











Resources


Examples of some of the different approaches to brain-computer interfacing:





'60 Minutes' clip of the BrainGate chip being used by Cathy Hutchinson, a woman with “locked-in” syndrome following a stroke - � HYPERLINK "http://news.cnet.com/8301-11386_3-10080852-76.html?tag=cntv" �http://news.cnet.com/8301-11386_3-10080852-76.html?tag=cntv�   Clip entitled “Movement Controlled by Mind”


Star Wars Force Trainer demo - � HYPERLINK "http://www.youtube.com/watch?v=28W6ibMI6Gc" �http://www.youtube.com/watch?v=28W6ibMI6Gc� 


Mindflex II demo - � HYPERLINK "http://www.youtube.com/watch?v=23EuaH4KW4w&NR=1" �http://www.youtube.com/watch?v=23EuaH4KW4w&NR=1�  


Mindflex (original) demo - � HYPERLINK "http://www.youtube.com/watchv=RM6nwZBBbAo&feature=fvsr" �http://www.youtube.com/watchv=RM6nwZBBbAo&feature=fvsr� 


Possible tasks


videos clips of demonstrations of mind-controlled toys in action to stimulate  discussion about mind-controlled devices, challenging learners to suggest how these toys might work


 share relevant experience of using such toys, or playing a game.














After watching the science explanation(s) within the video clips, learners could discuss: did the explanation differ from their own ideas, for what was this technology originally developed?





conduct research to inform discussion highlighting similarities and differences between various approaches to brain-computer interfacing. The criteria for the selection of the researched brain-computer interfacing approaches and the facts for comparison could be agreed in advance as a class. e.g. there could be a comparison between invasive and non-invasive approaches.





create a poster which manufacturers of mind-controlled games could use at a toy convention, to explain to the public how the brain-computer interfacing technology works. Posters could be displayed within the school and/or the class could peer review the posters. 











Learning experiences: Explore 2





Introduction


There are many different uses for, and approaches to, mind-controlled technology. By looking at some applications of brain-computer interfacing (BCI) and considering how they might work, learners can further explore how the brain communicates with and controls the human body, a key principle behind BCI technologies.





Possible stimulus


Possible stimuli could include video clips from the demonstrations of mind-controlled toys such as Star Wars Force Trainer and/or clips of the � HYPERLINK "http://www.guardian.co.uk/science/2011/apr/17/brain-implant-paralysis-movement" ��BrainGate chip� used by people suffering from “locked-in” syndrome.





Learning Intentions


Research ways in which humans can communicate directly with computers or machines. 








Reflecting on learning


Questions such as the following could be asked:


Which posters would be best for the purpose specified?


Which elements of the posters work well?


What improvements could be made to posters?


Would any of the posters be more suitable for a different audience?





Taking it further


Learners suggest which dissolved substances are important for electrical signalling in cells, test theories using a simple electrical circuit and report on experimental results. 














Possible evidence


The quality of discussions and the degree to which 


each learner has participated.


The posters produced: the quality of information selected for inclusion, how it has been expressed, how well it meets the brief











disadvantages and risks that might be associated with new or existing methods for controlling artificial limbs and the benefits different artificial limb technologies have in terms of improving the quality of life compared to rival technologies in the market.





Learners could look at case studies of individuals who have modern artificial limbs (including brain-computer interfaces), and consider questions related to their quality of life and the risks associated with the technology such as





What are the risks of using the technology?


What has been done and can anything more be done to lessen the risk?


Does lessening the risk impact on the technology?





 Thoughts could be shared with the class.





As a class, learners could consider the advantages, disadvantages and risks that might be associated with new or existing methods for controlling artificial limbs and the benefits different artificial limb technologies have in terms of improving the quality of life compared to rival technologies in the market.








Resources


� HYPERLINK "http://www.touchbionics.com/patient-stories"��http://www.touchbionics.com/patient-stories�


Case studies, examples of how humans already directly interface with machines/computers: 


� HYPERLINK "http://usmilitary.about.com/od/womeninthemilitary/a/afhelmet.htm" ��Eye tracking missile systems�


General information


� HYPERLINK "http://www.pbs.org/saf/1107/index.html" ��The Bionic Body�


� HYPERLINK "http://www.livescience.com/11381-bionic-humans-top-10-technologies.html" ��Live Science Bionic Humans: Top 10 Technologies�





Possible tasks





Learners could discuss and explain key stages of artificial upper limb development:


how changes in the way the limbs are controlled (e.g. body-powered, myoelectric, brain-computer interfacing) have affected the kinds of tasks users can perform


the impact (advantages and disadvantages) of different  artificial limbs on the quality of life for the people using them (including the procedures users have to go through to use the prostheses e.g. training, surgery etc.) 


the future directions research could take











Learning experiences: Explain/Elaborate





Introduction


A history of � HYPERLINK "http://health.howstuffworks.com/medicine/modern/prosthetic-limb.htm" ��prosthetic limb development� and case studies of prosthetic limb users (see below) will provide learners with a background to discussion about the impact such technologies have on the quality of life for individuals.





Research and “horizon gazing” activities can be used as a stimulus for learners performing a � HYPERLINK "http://www.amputee-coalition.org/military-instep/prosthetic-devices-upper.html" ��simple costs/benefits analysis� for various prosthetic limb technologies. 





Learning Intentions


Research and discuss methods for controlling prosthetic limbs and share opinions on the impact this has on the quality of human life. Contribute to a list of ethical considerations researchers in the field could use.





Activities such as these can develop learners’ skills in structuring informed arguments 








Demonstrating understanding





Medical research is governed by strict ethical guidelines. Ethical and moral implications of research are raised and discussed by the global research community. Learners could develop ethical guidelines for researchers to consult when they are developing brain-computer interfacing technologies to control artificial limbs. 





One approach to this kind of activity would be small group work to develop ideas for guidelines. Groups could then share one new idea with the class in turn and discuss as a larger group, producing a final set of ethical guidelines. 





Ethical issues for consideration might be:


issues of mind-control and mind-reading


improvements in technology leading to selective enhancement which divides society











This work could be enhanced by the use of a STEM Ambassador e.g. a university researcher to participate in discussion either in person or via video conferencing. 





Interdisciplinary learning planning opportunities


Having investigated a current trend of technological advance in Scotland or beyond, I can debate the short- and long-term possibilities of the technological development becoming a reality. TCH 4-01b





Possible evidence


The quality and depth of the discussions, and the degree to which each learner has participated.


The information collated about the potential advantages, disadvantages and risks of various methods of controlling artificial limbs. The method selected for presenting the information to allow easy comparison. 





The set of ethical guidelines produced and the process of developing them. 








Learning Intention


Apply knowledge and understanding to develop a considered and balanced argument justifying the choice of a particular approach to brain-computer interfacing within the context of controlling artificial limbs.





Possible tasks


Working in small group, learners will act as a research team in a company which has developed a new brain-computer interfaced prosthetic arm. As a group, they should decide whether the arm will be controlled by an invasive implant in the brain, a non-invasive method or by targeted reinnervation. The team are ready to begin patient trials i.e. testing the prosthetic arm design with humans and must apply to an ethics committee for permission.


                   


Learner select a method of brain-computer interfacing (BCI) and create a presentation to address an “ethics committee” . The presentation should justify the choice of BCI control method and include simple explanations of how the central nervous system and the BCI method work (for non-scientists on the committee). 











Learning experiences: Evaluate





Introduction


Using a simulated work environment such as a research group presenting to an ethics committee, learners are given the opportunity to develop skills in discussion and debate of moral and ethical issues.


Resources


Learners could use any class-developed resource (e.g. the “graffiti wall” or “ideas wall”) created during earlier learning experiences. Example articles from news and popular science may be useful for learners to consider how to create appropriate presentations, which include clear justification of choices and decisions. 





� HYPERLINK "http://www.newscientist.com/article/dn18603-mindcontrolled-prosthetics-without-brain-surgery.html" ��Mind-controlled prosthetics without brain surgery� 


� HYPERLINK "http://www.popsci.com/science/article/2011-02/darpas-brain-controlled-robotic-arm-could-be-available-just-four-years" ��DARPA's Brain-Controlled Robotic Arm Fast-Tracked, Could Be Available in Just Four Years  �


� HYPERLINK "http://www.theengineer.co.uk/news/brain-controlled-prosthetic-limb-trialled-on-humans/1003658.article" ��Brain-controlled prosthetic limb trialled on humans � 


� HYPERLINK "http://www.newscientist.com/article/dn9540-brainimplant-enables-mind-over-matter.html" ��Brain-implant enables mind over matter�


� HYPERLINK "http://www.labmanager.com/?articles.view/articleNo/4504/article/Students-Invent-Breakthrough-Brain-controlled-Prosthetic-Arm" ��Students Invent Breakthrough Brain-controlled Prosthetic Arm� 


� HYPERLINK "http://www.engadget.com/2010/05/12/mind-controlled-prosthetic-arm-moving-to-market-in-europe/" ��Mind-controlled prosthetic arm moving to market in Europe� 








Each team should explain the advantages, disadvantages and risks of the selected technology and discuss risks/disadvantages against  the advantages of the technology.





Possible evidence


Create a set of success criteria with learners at the start of the activity and use these to encourage reflective practice at the end.


Reflecting on learning


Creating and delivering a presentation as a team gives learners opportunities to consolidate the knowledge and understanding, and to develop team work and presentation skills. Inviting a STEM Ambassador to participate e.g. a researcher from an appropriate field, could enrich this task.


Responsibility of all


When listening and talking with others for different purposes, I can:


communicate detailed information, ideas or opinions


explain processes, concepts or ideas with some relevant supporting detail


sum up ideas, issues, findings or conclusions. LIT 4-09a











 











