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Through this learning journey, learners will be given the opportunity to explore the nature of sound, waves and wave characteristics using a variety of ICT. The learning journey offers opportunities to gather evidence of overtaking learning associated with National Qualifications within the Senior Phase. 
For example: this learning may offer opportunities to prepare learners in the following mandatory key 
course areas associated with the Added Value Unit of National 4 Physics:

· Comparison of longitudinal and transverse waves

· Frequency as the number of waves per second

· Wavelength and amplitude of transverse waves 

· Use of numerical or graphical data to determine the frequency of a wave

· Use of appropriate relationship between wave speed, frequency and wavelength
· Use of appropriate relationship between distance, speed and time for wave
· Analysis of sound waveforms including changing amplitude and frequency

· Sound reproduction technologies. 

· Noise cancellation

Practitioners planning for learning and teaching to meet the needs of a range of learners may also consider how the ideas here can be extended to present further challenge, extending onto ideas such as the Doppler effect for sound. 
This journey builds on the published second level journeys associated with sound which support progression through the Broad General Education (BGE) by exploring the science which underpins E&O SCN2-11a. In these second level journeys, learners have the opportunity to investigate different methods of measurement of speed of sound in air, sound level measurement including the decibel scale and noise pollution, risks to human hearing and methods of protecting hearing. Applications of sonar, infrasound and ultrasound are also explored. The context builds the storyline through our ability to make sound, sound as a tool of communication, for example through talk or by using music to convey a message. It progresses on to sound as a tool of communication at a distance and our ability to manipulate sound. 














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


I can respond in ways appropriate to my role, exploring and expanding on contributions to reflect on, clarify or adapt thinking. 


LIT 4-02a 


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 





I can approach familiar and new situations with confidence when selecting and using appropriate software to solve increasingly complex problems or issues. 


TCH 4-03a





Sciences experiences and outcomes:


By recording and analysing sound signals, I can describe how they can be manipulated and used in sound engineering. 


SCN 4-11a 








Learning intentions


To select and use an appropriate medium to demonstrate understanding of the key characteristics of sound, also incorporating critical peer evaluation








To  


explore the nature of the sound wave in terms of particle disturbance


explore the connection between energy and amplitude of a wave


become familiar with the relevant mathematical relationships between frequency, time, distance and speed


. 











Success criteria


I can produce a learning package to explain and demonstrate the principles of sound to younger learners as part of their transition experience. I can contribute to discussion and planning of the learning package, reflecting on my prior learning experiences, and to agreeing success criteria for this task.


I can use a microphone and oscilloscope to visualise sounds and describe how variation in pitch and loudness affects the pattern, using appropriate scientific language. 


I can plan and carry out an investigation to identify a connection between audible sound and observed pattern on an oscilloscope, describing this connection using scientific language such as amplitude and frequency. I can use an oscilloscope to determine the frequency of a sound, and apply understanding of the relationship between frequency, wavelength and speed of sound to determine the wavelength.


I can devise an approach to investigate the connection between the energy and the amplitude of a wave. 


I can discuss using appropriate scientific language the nature of the sound wave in terms of particles disturbance. 

















Possible evidence


Learning package in form selected by learners.





Learners’ contribution to discussion and planning of the learning package, and to identifying success criteria for this task
































Teacher observation of discussion and on-going work of learners or learners’ notes related to investigation and conclusions, in whatever format is appropriate for the learner.








Experiences and outcomes


By recording and analysing sound signals, I can describe how they can be manipulated and used in sound engineering. 


SCN 4-11a 
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Experiences and outcomes





By recording and analysing sound signals, I can describe how they can be manipulated and used in sound engineering. 


SCN 4-11a 
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Learning intentions


Learners familiarise themselves with a software package for recording and editing sounds, and use the software to further consolidate learning around frequency, amplitude and the normal range of human hearing. 





Learners use a software package for recording and editing sounds to manipulate recorded sound tracks. 





Learners have the opportunity to predict, observe and explain the outcomes of manipulations using software to demonstrate knowledge and understanding of key science associated with sound.





Learners reflect on the model of sound used within the learning journey and the pictures they have built up of the nature of sound. Learners recognise that the representations used are models which can explain the observed scientific phenomenon.





Learners use their understanding of sound to explain the common phenomenon of the apparent change in pitch of an ambulance siren as it passes.


. 











Success criteria


I am confident in my ability to use a software package for recording and editing sounds, and can predict, observe and explain signal traces using relevant scientific language correctly. 





I can work independently to use a software package for recording and editing sounds to manipulate recorded sound tracks. 





I can predict, observe and explain the outcomes of manipulations using software to demonstrate knowledge and understanding of key science associated with sound.





I can reflect on my learning and recognise that the representations used are models which can explain the observed scientific phenomenon.





I can use my understanding of sound to explain the common phenomenon of the apparent change in pitch of an ambulance siren as it passes.

















Possible evidence


Teacher and peer observation. 








Before and after sound tracks and learners explanations of observations using appropriate and relevant scientific language. 








Learners’ contribution to graffiti tasks or individual Show Me boards, and contribution to peer discussion. 








Prior learning


Learners working within second level will have gained understanding of pitch and loudness of sound, how to measure loudness of a sound and decide whether or not the sound level is safe  and recommend materials and/or methods to protect human hearing. Learners will in addition will have explored the range of human hearing in terms of frequency, have an understanding of what is meant by the terms “ultrasound” and “infrasound” and the applications and uses of ultrasound and infrasound. 





Learners will have developed within the second level an understanding of sound vibrations carried by waves through solids and through fluids e.g. air and water. Through an understanding of animal, including human, communication, learners can confidently and correctly use terms such as frequency and amplitude in relation to sound waves.





Possible tasks


Learners could use the internet to identify interesting video clips associated with sound around which they will build the learning package. This could be anything from sound associated with animal communication, to a musical performance. 





Learners could explore in groups their prior learning, gathering their knowledge and understanding and discussing it, using resources as appropriate to check their understanding. Alternatively, practitioners could structure a task to explore prior learning such as a “Question of Sound”, “Blockbusters” or “Who Wants to be a Millionaire” revision quiz format. Some revision quiz formats can be found on � HYPERLINK "http://www.teachers-direct.co.uk/resources/quiz-busters/" ��teachers-direct�.











Learning experiences: Engage


Introduction 


Building on prior learning from Early to Second Level, learners demonstrate their understanding of the key principles of sound by successfully completing this “engage” section. Learners will be challenged to produce a brief learning package to explain and demonstrate the principles of sound to younger learners as part of their transition experience.





Learning Intentions


To select and use an appropriate medium to demonstrate understanding of the key characteristics of sound, also incorporating critical peer evaluation





Possible stimulus





Learners are given the title of the “learning package” as A Question of Sound: What, How and Why





Julian Treasure’s 2012 TED Talk � HYPERLINK "http://www.ted.com/talks/julian_treasure_the_4_ways_sound_affects_us.html" ��“The 4 ways sound affects us”� or Evan Grant’s 2012 TED Talk � HYPERLINK "http://www.ted.com/talks/evan_grant_cymatics.html" ��“Making Sound Visible through Cymatics”� could be used to engage learners with thinking about why sound is so important to us. 





Alternatively, learners could consider what life might be like without sound, and advances in bioengineering which have allowed hearing to be restored to tens of thousands worldwide � HYPERLINK "http://www.bbc.co.uk/news/health-17235058" ��‘Can you Build a Human Body?’�








Learners could formulate explanations, propose model or analogies, build physical models or identify particular practical approaches using appropriate scientific and other equipment to illustrate and explain key points. 





Learners could decide how to structure and use their learning package e.g. via 


a Glow meet with associated primary schools


an animation sequence 


a cartoon strip 





Resources


Access to ICT and internet, slinkies, microphones, signal generators and oscilloscopes (accessible online).

















Simple methods of visualising sound can be used to understand the sound wave in terms of particle disturbance. For example, small pieces of paper or rice on a loudspeaker cone will illustrate this, as does this clip from �HYPERLINK "http://www.youtube.com/watch?v=eA1jSlx9c30"�The Big Bang Theory on You Tube�. This clip comes from from � HYPERLINK "http://bigbangtheory.wikia.com/wiki/The_Barbarian_Sublimation" ��Season 2, Episode 3 “The Barbarian Sublimation”�. 











Resources





� HYPERLINK "https://academo.org/demos/virtual-oscilloscope/" ��Online virtual oscilloscope


��HYPERLINK "http://www.youtube.com/watch?v=eA1jSlx9c30"��The Big Bang Theory on You Tube�.











Learning experiences: Explore/Explain


Introduction 


In this section, learners will explore the nature of the sound wave in terms of particle disturbance, explore the connection between energy and amplitude of a wave and be introduced to the mathematical relationships between frequency, time, distance (including wavelength) and speed.








Learning Intentions


To allow learners to 





explore the nature of the sound wave in terms of particle disturbance





explore the connection between energy and amplitude of a wave





become familiar with the relevant mathematical relationships between frequency, time, distance and speed











Possible tasks


Learners could use a microphone and oscilloscope to visualise sounds which they produce either vocally or using musical instruments. This will produce complex and messy traces but learners may vary pitch or loudness and try to make observations of how this affects the pattern.





Learners could plan and carry out an investigation to identify a connection between audible sound and the observed pattern on an oscilloscope. Using simple clear tones e.g. from a signal generator may make this more straightforward for the learners. This would provide opportunities for learners to use language such as amplitude and frequency. 





Given an unknown sample tone, learners can use the oscilloscope trace to determine the frequency of the sound. Having determined the frequency of the sound, the learners may calculate the wavelength of the sound using the standard value for the speed of sound in air. 





Learner could devise investigative approaches to identify the connection between energy and the amplitude of a wave. To inform their thinking, learners might consider the energy transferred by a small wave breaking on the sea shore, compared with a tsunami. Investigations might be based around guitar strings or similar. 

















Possible tasks


Learners could research the issue of use of technologies to improve singers on television shows. Some articles are suggested as possible stimuli. Using this as a starter activity, learners could review articles individually or in pairs and identify areas about which they are confident they understand and can explain the relevant science. Additionally learners could highlight areas in which they do not feel confident, and revisit this as the learning progresses. 





Learners could familiarise themselves with the Audacity (or similar) software if they have not previously used it. This can be used as an opportunity for learners to check their understanding of the relevant scientific language: frequency, hertz and amplitude. It is also an opportunity for learners to consider what it is that is displayed on the screen. Is this a sound wave? A straightforward first task could be for learners to build a track comprising four to six tones of differing frequency and amplitude. Learners could predict how the sound will differ as a result, and predict how the changes will affect the electrical signal shown on the screen. 





Learners can also confirm their earlier learning around the normal range of human hearing by exploring the frequencies which can be heard using Audacity. Again, learners could predict, observe and explain the patterns shown on the screen associated with changes in frequency. Using the timescale at the top of the audio track learners can also confirm the definition of hertz as number of waves per second, and calculate frequencies from the number of waves in a given time. 





Learners could use a more complex tone produced by a musical instrument (or the image on the Talent Show Technology! Guide for Learners) and calculate the frequency in the same way. 

















Learning experiences: Elaborate 1


Introduction 


In this section, learners will apply their understanding of the science of sound to explore an application of sound engineering. Television talent shows have been accused of, and have admitted, using technology to “pitch correct” singers. Learners will familiarise themselves with a software package which can be used to manipulate sound.


Learning Intentions


Learners familiarise themselves with a software package for recording and editing sounds, and use the software to further consolidate learning around frequency, amplitude and the normal range of human hearing. 


Possible Stimulus


Learners could use media articles to gain background for this learning e.g. 





The Guardian � HYPERLINK "http://www.guardian.co.uk/tv-and-radio/2010/aug/22/x-factor-accused-autotune-enhancing-singers" ��“Fans suspect X-Factor of enhancing singers’ pitch with Auto-Tune”�





The Daily Mail �HYPERLINK "http://www.dailymail.co.uk/tvshowbiz/article-1306916/Even-Cheryl-uses-auto-tuning-alter-voice-says-Louis.html"��“Even Cheryl Cole uses auto-tuning to alter her voice, say Louis Walsh”�





The Daily Record � HYPERLINK "http://www.dailyrecord.co.uk/showbiz/2012/05/25/the-voice-coach-will-i-am-i-use-auto-tune-but-i-am-working-on-my-singing-abilities-86908-23872916/" ��“The Voice coach Will.i.am: I use Auto-tune but I am working on my singing abilities”�





About.com � HYPERLINK "http://homerecording.about.com/od/tricksofthepros/a/Was-Susan-Boyle-Auto-Tuned-on-Britains-Got-Talent.htm" ��“Was Susan Boyle Auto-Tuned?”�






































Resources


�HYPERLINK "http://www.sserc.org.uk/index.php/the-sciences/vibrations-a-waves49/recordinganalysing-sound/2704-audacity-resources"��SSERC’s Audacity and Music Guide for Practitioners�





Taking it further


Learners could explore an application of electromagnetism, the loudspeaker, to understand how the electrical signal is converted to audible sound.





Learners could explore the accuracy of stated frequencies of tuning forks using Audacity, leading into discussion of uncertainties. 








Incorrect note which requires correction


SSERC can provide simple recorded tracks (Twinkle Twinkle Quiet and Twinkle Twinkle bad)


Computer microphone and musical instrument 


� HYPERLINK "http://www.sserc.org.uk/index.php/the-sciences/vibrations-a-waves49/recordinganalysing-sound/2704-audacity-resources" ��SSERC’s Audacity Guide for Practitioners� 


SSERC’s Music Guide for Practitioners





Taking it further


Learning associated with Case 3 could be extended to introduce the ideas of constructive and destructive interference, again making use of simple tones in Audacity. 	


Learners could explore the range of career opportunities associated with sound engineering in entertainment and in other contexts e.g. in industry for health and safety. 


� HYPERLINK "http://musicians.about.com/od/otherindustrycareers/a/qandawithkas.htm" ��Q&A with Sound Engineering Simon Kasprowicz�


� HYPERLINK "http://alicegilmour.com/homepage.html" ��Alice Gilmour Post Production Sound Engineer�


� HYPERLINK "http://www.getintolivemusic.org/technical-case-studies/sound-engineer" ��Get into Live Music Sound Engineer�


� HYPERLINK "http://www.getintolivemusic.org/technical-jobs/sound-technician" ��Get into Live Music Sound Technician�











Case 1


Little Jim Wagner is the cutest boy imaginable. His dream is to have a top-selling single. He has had a tremendously hard life but has climbed the mountain and is ready to fly. He’s entered a TV talent show and knows his life has been building to this moment. 





Unfortunately he is not a good singer. Sometimes during a song he sings too loudly, and sometimes too quietly. Can technology help poor wee Jim?





Case 2


Sandy Simmer has a dream. She wants to have a top-selling single.  She’s had a tremendously hard life, but has been on a journey and is ready to soar. The newspapers have been full of stories of a feud between Sandy and one of the judges. The British public are on her side and Sandy knows her life has been building to this moment. 





Unfortunately he is not a good singer. Sometimes she sings the wrong notes. Can technology help poor, brave Sandy?





Case3


You have a dream, you’re on a journey, there’s a mountain to climb… it’s audition time, and you need a backing track. You have an mp3 of your song, but it’s spoiled by the vocals of a professional musician.





Can technology help you?





Resources


� HYPERLINK "http://www.audacityteam.org/" ��Audacity open source software�


Musical track recorded with:


Quiet note which requires amplification 











Learning experiences: Elaborate 2


Introduction 


In this section, learners will apply their understanding of the science of sound to explore an application of sound engineering. Television talent shows have been accused of, and have admitted, using technology to “pitch correct” singers. Learners will explore the extent to which a freely available software package can be used to manipulate sound.





Learning Intentions


Learners use a software package for recording and editing sounds to manipulate recorded sound tracks. 





Learners have the opportunity to predict, observe and explain the outcomes of manipulations using software to demonstrate knowledge and understanding of key science associated with sound.








Possible tasks


Learners could use musical instruments to create their own tracks for manipulation. Alternatively a simple track such as Twinkle Twinkle Little Star played on a piano can be recorded for this learning journey. 





Learners could explore the following scenarios, in each case using prior learning to identify the characteristic of the signal which requires correction and using the software to manipulate and correct the audio track. 
































Learning experiences: Evaluate


Introduction 





Learners will reflect on their learning within this journey including the models used for understanding sound and the limitations of these models, and applying their understanding to explain a common phenomenon associated with sound. 


Learning Intentions


Learners reflect on the model of sound used within the learning journey and the pictures they have built up of the nature of sound. Learners recognise that the representations used are models which can explain the observed scientific phenomenon.





Learners use their understanding of sound to explain the common phenomenon of the apparent change in pitch of an ambulance siren as it passes.








Possible stimulus


Teacher questioning


Sound recording of Doppler effect 
































Possible tasks


Introduction 





Learners should reflect on the models of sound used within the learning journey and the pictures they have built up of the nature of sound. This could be done using a graffiti wall task or Show Me boards. This will provide an opportunity to explore through discussion the nature of modelling in sciences and the limitation of the various pictures built up by learners in fully explaining the science of sound. 





Exploration of the Doppler effect can be approached in a number of ways e.g. 


observation from video clips of the Doppler effect with sound


demonstration using a purchased Doppler Ball (available from scientific equipment suppliers)


demonstration using a � HYPERLINK "http://sdfamilyscience.org/sound/doppler.html" ��constructed Doppler ball� (or � HYPERLINK "http://www.astrocappella.com/activities/dopp_lp.html" ��Doppler Shifting�)





Learners should discuss in pairs or groups their observation, using appropriate scientific language, and propose possible explanations for this effect, linking to the models of sound built up during the learning journey. Learners may also propose alternative analogies to explain their observation. Peer review and discussion can be used to explore and critique explanations.





Learners could review explanations e.g. 


� HYPERLINK "http://www.fearofphysics.com/Sound/doppler.html" ��Introduction to the Doppler Effect for Sound�


� HYPERLINK "http://bestphysicsvideos.blogspot.co.uk/2011/03/doppler-effect.html" ��Doppler Effect�


� HYPERLINK "http://www.sdfamilyscience.org/sound/doppler.html" ��Doppler Effect in a Pool�
































Resources


� HYPERLINK "http://www.audacityteam.org/" ��Audacity open source software�


MP3 player with recording capability


Show Me boards / flipchart paper


Doppler video clips / Doppler ball


� HYPERLINK "http://www.fearofphysics.com/Sound/doppler.html" ��Introduction to the Doppler Effect for Sound�


� HYPERLINK "http://bestphysicsvideos.blogspot.co.uk/2011/03/doppler-effect.html" ��Doppler Effect�


� HYPERLINK "http://www.sdfamilyscience.org/sound/doppler.html" ��Doppler Effect in a Pool�








Taking it further


Audacity could be used to explore recorded tracks to examine the traces and changes associated with the observed effect. 


Further information can be found:


� HYPERLINK "http://resource-bank.nzip.org.nz/standing-waves-beats-and-the-doppler-effect/" ��Doppler Effect� 





Learners could begin an exploration of the question “Why can we hear round corners but not see round corners?”





Learners could investigate the claims in this article � HYPERLINK "http://arstechnica.com/tech-policy/2010/06/enjoy-a-vuvuzela-free-world-cup-thanks-to-technology/" ��Enjoy a Vuvuzela-free world cup, thanks to technology�



































 

