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1 Introduction / Demonstrator Identity

1.1 Subject Domain
Geology\ Earthquakes\ Earthquake Detection

Music\ Sonification of experimental data 
1.2 Type of Activity
In school activity through which students are introduced to the science behind earthquake formation and detection through sonification of experimental data. They will sonify earthquake data and will be able to turn the earthquake waveforms in musical patterns through which they will be able to listen to the music of the earth.

Duration
1 week
1.3 Setting (formal / informal learning)

Formal and informal

1.4 Effective Learning Environment

· Simulations aiming to enable the visualization of theoretical models and facilitate inquiry-based experimentation

· Dialogic space / argumentation aiming to engage students in argumentation and dialogic processes for a better insight into the nature of scientific enquiry and the ways in which scientists work

· Visits to research centres (virtual/physical)aiming to connect the science classroom with research infrastructures, addressing the enhancement of informal learning settings.
· Online e-Learning applications and educational content repositories: Open Discovery Space.

· Arts based.
2 Rationale of the Activity / Educational Approach

2.1 Challenge 

· Introducing students to the method of sonification of experimental data.

· Introducing students to the science of earthquake formation and detection.

· Using sonified earthquake data to understand and measure fundamental characteristics of earthquakes as well as learn how to disentangle earthquakes from different sources.
· Understand the similarities between visual representations of an earthquake and audible representations of frequencies

The standard way to depict earthquakes and explain their characteristics, has been the use of “snapshots” of the waveforms measured by seismic stations across the earth. By studying and combining the information obtained by these static images, scientists are able to understand the properties of earthquakes, as well as discover the properties of their sources as well as their generation mechanism. However, using these visual displays alone presents the problem of properly explaining even the most fundamental characteristics of seismic waves, such as the waveforms of Primary (P) and Secondary (S) waves as well as more complex properties of seismic waves such as their frequency content, their attenuation and others. This is particularly important in the field of science education, in which students do not have prior knowledge concerning earthquakes. To address these topics, data sonification or audification builds on the people’s ability to learn through auditory stimuli and be able to analyse complex phenomena through the vehicle of sound cues such as amplitude, pitch and frequency.
In this demonstrator, students will be introduced to earthquake data and will investigate earthquakes’ fundamental characteristics by converting these data into sounds.

Students will investigate the earthquake magnitude scales by identifying them with sounds of natural phenomena of equal energy output, will analyse, investigate and sonify waveforms of earthquakes detected by school based seismometers developed in the framework of the project: Students Study Earthquakes (http://sse-project.eu) in a playful fashion, and finally compose their own music based on the sound of the Earth itself.   
       

Added Value
· Students are introduced to the sonification technique which can be applied in various physical phenomena spanning from elementary particle collisions to the study of exoplanets and beyond.
· Students combine the scientific quest for understanding the nature of earthquakes with music using cutting edge ICT technologies, thus participating in a unique STEAM experience.

· Earthquake sonification can be used to teach earthquakes to visually impaired learners.

· Linking music to scientific concepts and combining different representational systems.

3 Learning Objectives 

3.1 Domain specific objectives

The domain specific objectives of this Demonstrator are:

1. The students apply fundamental physics of waves in order to understand the process of  sonification of earthquake data.
2. The students learn about the generation and detection principles of earthquakes as well as their fundamental characteristics and observable quantities. 

3. The students learn how to tell apart earthquakes created by different sources based on the interpretation of experimental data.

4. The students understand the correlation between numerical data, mathematical graphs and audible spectrum.
5. Inquiry process of scientific concepts.

6. Recognize, analyse and imagine alternative explanations and models.

7. Combining science with art (Music).

3.2 General skills objectives

1. The students make sense of scientific data and produce artistic representations of them.

2. The students enhance their analytical and synthetical skills.
4 Demonstrator characteristics and Needs of Students

4.1 Aim of the demonstrator

This demonstrator combines scientific inquiry with music education. Students investigate the characteristics of earthquakes using real data and then sonify the data in order to produce a musical synthesis from them.  Students Learn about the Science behind Earthquakes through ICT enhanced means. They forge connections between sound and earthquakes taking into account their wave nature. Students learn about the principles of data sonification and sound compression. 
After this, the students choose data from earthquakes which took place in the Eastern Mediterranean and perform their sonification using a self-developed sonification protocol thus playing their own sound of the earth. The teacher presents the fundamental concepts and leads the students subtly in the whole process.
4.2 Student needs addressed

Relevant student skills:
- Active use of different semiotic systems so as to acquire knowledge
- Interconnection of science, creativity and culture.
- Negotiation with notions which are no part of the curricula but are important for everyday life.


5 Learning Activities & Effective Learning Environments 

· Question-eliciting activities
· Introductory material and questionnaire addressing the basic needs of the exercise will be offered to the students to explore before the beginning of the exercise. 

· Students discuss the fundamental characteristics of waves: Frequency, wavelength, propagation velocity, amplitude. They discuss the differences between transverse and longitudinal waves and apply their knowledge to different kinds of waves.

They discuss the nature of sound and identify the spectrum of human hearing, namely 20 Hz to 20kHz. By listening to different given sounds, they identify the frequency and amplitude of the sound. 
· Students can work with these tools to find out more about the fundamental characteristics of sound:
http://www.iknowthat.com/ScienceIllustrations/sound/science_desk.swf 

https://phet.colorado.edu/en/simulation/sound 
· Introductory lecture about earthquakes.

· Introduction to data sonification.

· Active investigation
· Introduction to earthquake scales: Richter and Mercalli and symbolic sonification by using the sound of a known phenomenon of similar energy output to describe earthquakes of a specific magnitude scale. 
· Presentation of real earthquake data and discussion of their fundamental characteristics in terms of frequency and amplitude. Presentation the method employed by scientists to find the earthquake epicenter using information from earthquake waveforms. Interactive demonstration using online interactive maps.
· Sonification of real earthquake data using the time compression technique and identification of S- and P- waves using auditory means. Students divide in groups and sonify the data of earthquakes, in order to understand the time compression technique. Students discuss the frequency spectrum of sound and experiment with it in order to find out the boundaries of their hearing from infra to ultrasound.  

· Students are provided with sonified data of an earthquake from different earthquake stations and try to identify the earthquake epicentre by correlating the time difference of S- and P- waves they hear with epicentre distance. Comparison with the location of the epicentre measured using a visual description of data.

·  Follow up activity 1: Students work further with data sonification in order to correlate earthquake amplitude with the notes of the musical scale. By using the  data obtained over a long time from a station, students synthesize the music of earthquakes.

· Follow up activity 2: Students create a performance using sonified earthquake data.

· Follow up activity 3: Students develop an algorithm which can transform the real time data stream of a seismic station to music. The user will be able to understand when an earthquake has started by listening to the changes in the sound produced by the P-waves. Such applications could be used to help the in-time evacuation of buildings, prevention of landing of aircrafts or stopping of trains before the most catastrophic S- and Love waves of an earthquake reach a specific territory.

	Science topic:  Physics \ Waves, Geology\ Earthquakes, Music\ Sonification, Musical Scales
Class information

Year Group: 2nd and 3rd class of Senior High School
Age range: 15-17

Sex: both

Pupil Ability: Basic computer usage required
	Materials and Resources: A computer laboratory with one pc for each student or group of 2 students. A projector. Internet connection. Software for processing earthquake data. Software for data sonification.

Where will the learning take place? On site or off site?  In several spaces? (e.g. science laboratory, drama space etc), or one?   In a computer laboratory and a classroom.

Health and Safety implications?  None
Technology?  

Teacher support? The teacher will provide the students with preliminary material and is advised to discuss with them before the beginning of the activity. The relevant material can be found in this online virtual community:
(http://portal.opendiscoveryspace.eu/community/sound-earth-848393 )

	Prior pupil knowledge: 
Students should be familiar with basic characteristics of waves: frequency, amplitude, wavelength, propagation velocity. A basic understanding of sound in terms of both empirical as well as analytical characteristics is desired. 

Also, basic knowledge on visual representation of scientific data in the form of graphs as well as basic manipulation of such graphs is desired.

Basic use of PC and analysis software is desired. 



	Individual session project objectives (What do you want pupils to know and understand by the end of the lesson?)
1. The students apply fundamental physics of waves in order to understand the process of sonification of earthquake data.

2. The students learn about the generation and detection principles of earthquakes as well as their fundamental characteristics and observable quantities. 

3. The students learn how to tell apart earthquakes created by different sources based on the interpretation of experimental data.

4. The students make sense of scientific data and produce artistic representations of them.

5. The students enhance their analytical and synthetical skills.



	Assessment
Content knowledge is assessed through specific questions and exercises throughout the in-class activity and creativity as well as science motivation are assessed through pre-post questionnaires.
	Differentiation
This activity can be used by students with visual impairments. Furthermore, it can be used by students who are arts-oriented without much adaptation.

	Key Concepts and Terminology

Data processing, data analysis, earthquake, waveform, sonification, waves, S-P waves, frequency, amplitude, musical scales.

Science terminology:  waves, S-P waves, frequency, amplitude,  earthquake,  Data processing, data analysis
Arts terminology:

sonification, musical scales.


	Session Objectives: 

This demonstrator combines scientific inquiry with music education. Students investigate the characteristics of earthquakes using real data and then sonify the data in order to produce a musical synthesis from them.  Students are introduced to the sonification technique which can be applied in various physical phenomena spanning from elementary particle collisions to the study of exoplanets and beyond.

Students combine the scientific quest for understanding the nature of earthquakes with music using cutting edge ICT technologies, thus participating in a unique STEAM experience.


The link to the online pre-activity can be found here:

(http://portal.opendiscoveryspace.eu/edu-object/earthquakeshighschool-837786) 

The link to the “Sound of the Earth” Online community with the relevant resources and guidelines can be found here: 

(http://portal.opendiscoveryspace.eu/community/sound-earth-848393 ) 

	Learning activities in terms of CREATIONS Approach

	IBSE Activity
	Interaction with CREATIONs Features
	Student
	Teacher
	Potential arts activity

	Phase 1:

QUESTION: students investigate a scientifically oriented question
	Students pose, select, or are given a scientifically oriented question to investigate. Balance and navigation through dialogue aids teachers and students in creatively navigating educational tensions, including between open and structured approaches to IBSE. Questions may arise through dialogue between students’ scientific knowledge and the scientific knowledge of professional scientists and science educators, or through dialogue with different ways of knowledge inspired by interdisciplinarity and personal, embodied learning.  Ethics and trusteeship is an important consideration in experimental design and collaborative work, as well as in the initial choice of question 
	Students play a game: By studying the earthquake Mercalli and Richter scales, they match the magnitude of an earthquake to the sound of a phenomenon with similar energy output.

Now students move to earthquakes and discuss their wave behavior. By examining a given  earthquake waveform, they try to figure out an average frequency.
Can we hear earthquakes themselves?

If not, how could we make an earthquake  audible?


	Background knowledge on waves and their fundamental characteristics is desired.

After introducing students to earthquakes, the teacher presents them with the Richter and Mercalli scales:
(Orienting and Asking Questions: http://portal.opendiscoveryspace.eu/edu-object/earthquakeshighschool-837786 )



Students should already have a background in earthquakes, following the question eliciting activities. http://portal.opendiscoveryspace.eu/edu-object/earthquakeshighschool-837786 
The teacher should highlight the fast, longitudinal P- and the slower, transverse S- waves of earthquakes. In the discussion of earthquake behavior, an earthquake waveform should be presented to them, such as the one presented in the “Investigation” section of the Earthquake related lesson  presented above. Students understand the S- and P- components of the waveform. By observing the S- and P- components, the students estimate the frequencies of these waves and discuss if they can be audible.
(Note: Earthquakes have usually frequencies in the domain of 0,1 to 100 Hz thus are hardly audible to the human ear with its 20 Hz threshold for hearing). 
	

	Phase 2: 

EVIDENCE: students give priority to evidence
	Students determine or are guided to evidence/data, which may come from individual, collaborative and communal activity such as practical work, or from sources such as data from professional scientific activity or from other contexts. Risk, immersion and play is crucial in empowering pupils to generate, question and discuss evidence.
	The students follow the procedure outlined by their teacher to view the spectrograms of specific earthquakes. 
Students note the earthquakes’ duration and figure out their specific characteristics.

Students divide in groups and following their teacher’s instructions, they transform the seismic data in audio. They observe the difference of duration and frequency  between the seismogram data and the audio data. They discuss the method applied.

By using the audio processing software, students experiments with the sounds of earthquakes. 
	Students are introduced to the process of data sonification. They use data from school seismographs which can be found in the form of .sac files here: http://sse-project.eu/?m=7 

They use a .sac file viewer and choose the earthquakes of interest to them.

The teacher makes sure that students note the duration of the earthquake.

The Purpose of this part of the activity is the students to make sounds audible.

Sonification Method nr.1
1. Students transform the .sac to .psn files using the “sac to psn” applet which can be downloaded from this website: http://jclahr.com/science/psn/mcclure/sac/index.html 

(The .psn files can be viewed via winquake: http://www.seismicnet.com/software.html )

2. Students transform the .psn to .wav files through the “psn to wav” applet from the same website.

3. Students process the .wav file using audacity (http://www.audacityteam.org )or another sound processing programme. 

4. Students listen to the .wav file they produced with the sound processing software  and determine its frequency. By observing its duration, they compare to the duration of the earthquake they measured. 
To make a waveform audible, you compress it so that the frequency increases, therefore the duration decreases.




	Experimentation with sounds of earthquake.  

	Phase 3: 
ANALYSE: students analyse evidence
	Students analyse evidence, using active investigation and dialogue with each other and the teacher to support their developing understanding.
	
The teacher provides students with .sac files of an earthquake measured by different stations. The teacher should provide the students with the distance of each station from the epicenter of the earthquake. 

Students view the waveforms of the earthquakes and measure the S- and P- wave time intervals: Tsp_True.

 

Students apply their prior experience and sonify these seismograms. 
Students experiment to see if they can disentangle the S- and P- waves in terms of sound. 
They measure the duration of the earthquake waveform before sonification (Tbefore)  and of the waveform that they produced after sonification (Tafter).

Students measure the time interval between S- and P- waves that they listen.
Tsp_sound. To find the corresponding S-P time interval Tsp_measured, they do:
Tsp_measured =Tsp_sound*(Tbefore/Tafter)

Students compare the Tsp_measured with Tsp_True. 


Students can repeat their sonification procedure to minimize the difference in Tsp_true and Tsp_measured.

What is the difference between the Tsp_measured for the different seismograms?
Does it scale with distance from the epicenter of the earthquake?

	


 
 Students are offered the .sac files of an earthquake measured by different stations. 

The teacher should stimulate a discussion concerning the fast, longitudinal P- and the slower, transverse S- waves of earthquakes. In the discussion of earthquake behavior, an earthquake waveform should be presented to them, such as the one presented in the “Investigation” section of the Earthquake related lesson  presented here: http://portal.opendiscoveryspace.eu/edu-object/earthquakeshighschool-837786 . 
Students understand the S- and P- components of the waveform and identify that they are detected with a time difference which is proportional to the distance of the earthquake epicenter to the detector.

After this introduction, the students follow the procedure outlined in the student section and compare the S-P time difference they measure by listening to the S-P difference they measure by observing.

As an optional activity, students could try to locate the epicenter of the earthquake by using both the sonification and observation method by following the guidelines provided. 
Sonification Method nr.2

1. Students transform the .sac file into numerical data corresponding to time (x axis ) and amplitude (y axis)
2. With the help of their teacher they choose one note of the middle octave within the 88 note music compass. They assign this note as “0” .

3. Students start relating each value of the y axis with the corresponding notes in step of one semitone (e.g. If C4=0 then for positive values C#4=1, D4=2 etc. For negative values B3=-1, A#=-2 etc.
4. Students compare the horizontal values with the vertical and design a timeline that matches them. The x axis values are related to their corresponding y axis values in terms of possible deviations in duration.

5. Students perform the sequence of intervals derived from the timeline using easy chromatic-scale physical musical instruments or digital applications
	Students perform their musical syntheses by combinining the waveforms they have analyzed with the sounds of different musical instruments in an online environment. They match waveform amplitude to notes and using a sonification protocol they play their own melodies.

	Phase 4:
EXPLAIN: students formulate an explanation based on evidence
	Students use evidence they have generated and analysed to consider possibilities for explanations that are original to them. They use argumentation and dialogue to decide on the relative merits of the explanations they formulate, playing with ideas.  
	Students make a short presentation to explain the sonification technique and the results one can obtain by sonifying earthquake data. They discuss their sources of uncertainty and methods to minimize it.
	
	

	Phase 5:

CONNECT: students connect explanations to scientific knowledge
	Students connect their explanations with scientific knowledge, using different ways of thinking and knowing (‘knowing that’, ‘knowing how’, and ‘knowing this’) to relate their ideas to both disciplinary knowledge and to interdisciplinary knowledge to understand the origin of their ideas and reflect on the strength of their evidence and explanations in relation to the original question.
	   
The students are provided with visual and audio representations produced by:
- Volcanic erruptions
- Nuclear bomb tests
- Earthquakes 

They discuss the different characteristics and connect them to the different possible generation mechanisms of the earthquakes. 


	
Teacher provides students with data from different seismic sources:
 http://geophysics.eas.gatech.edu/people/zpeng/EQ_Music/ 


	

	Phase 6:

COMMUNICATE: students communicate and justify explanation
	Communication of possibilities, ideas and justifications through dialogue with other students, with science educators, and with professional scientists offer students the chance to test their new thinking and experience and be immersed in a key part of the scientific process. Such communication is crucial to an ethical approach to working scientifically.
	Students discuss the merits and importance  of sonification of earthquakes and beyond, both to society and to people with visual impairment.



	The teacher can show this videos to students to trigger further discussion:

Earthquake sonification at CERN
https://www.youtube.com/watch?v=FNRQ_LuzMt4 

Interactive data sonification for people with visual impairment
  https://www.youtube.com/watch?v=8hUIAnXtlc4 
	

	Phase 7:

REFLECT: students reflect on the inquiry process and their learning 
	Individual, collaborative and community-based reflective activity for change both consolidates learning and enables students and teachers to balance educational tensions such as that between open-ended inquiry learning and the curriculum and assessment requirements of education.
	Students reflect on what they have learnt and answer to relevant questions posed by their teacher. 
	The teacher discusses with the children in order to monitor their understanding. The students reflect on the procedure they followed and answer the following questions:

1. What is the connection between the phenomenon of earthquakes and waves?

2. Are all waves audible? Visible light is a wave. Can we “hear it?”

3. Which is the lowest and which the highest sound frequency that a human ear can understand?

4. Can earthquakes be heard by human ear?
During an earthquake we listen to the sound of objects moving or falling around us. Does this mean that we listen to earthquakes themselves, or to the product of the interaction of the seismic waves with our environment?

5. How do we sonify a wave? Describe the method in a few words. Why does the duration of an earthquake become shorter after the sonification procedure? What is the corresponding change in frequency?


6. What are the characteristics of the earthquake that we can observe through seismic data sonification? 
(Examples are : variations in frequency, variations in amplitude, different components of seismic waves, such as the S- and the P- waves).

7. What are the advantages of data sonification?
8. How can we make use of the sound in order to further understand properties of other natural phenomena?

(Accessibility for a broader range of users, spatial distribution of sound compared to visual stimulus, the high audio response of the human ear, the fact that through sonification, the user can have a data analysis process running in the background, the connection with the arts and especially music.  The teacher can refer to this article for further information: http://www.open-shelf.ca/160201-data-sonification/ )




	


6 Additional Information

All relevant companion resources and activities can be found in the dedicated online community of the CREATIONS portal: http://portal.opendiscoveryspace.eu/community/sound-earth-848393
7 Assessment 
The student  motivation and creativity will be monitored using dedicated evaluation questionnaires developed by the CREATIONS consortium before and after the completion of the activity  The content knowledge will be monitored throughout the lesson through dedicated questions and exercises which are done in a hands-on fashion.
8 Possible Extension

· Follow up activity 1: Students work further with data sonification in order to correlate earthquake amplitude with the notes of the musical scale. By using the  data obtained over a long time from a station, students synthesize the music of earthquakes.

· Follow up activity 2: Students create a performance using sonified earthquake data.

· Follow up activity 3: Students develop an algorithm which can transform the real time data stream of a seismic station to music. The user will be able to understand when an earthquake has started by listening to the changes in the sound produced by the P-waves. Such applications could be used to help the in-time evacuation of buildings, prevention of landing of aircrafts or stopping of trains before the most catastrophic S- and Love waves of an earthquake reach a specific territory.

· Follow up activity 4: Students explore the sonification of real data from other sources such as gravitational waves, radiowaves coming from the universe, high energy physics collisions and others.
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