Interactive Music Science Collaborative Activities
Team Teaching for STEAM Education

Deliverable 5.5
Initial Demonstrators of iMuSciCA workbench toolkits
Date: 05/10/2017
Author(s): - Jean-Marie Laborde (CABRI), Laurent Varin (CABRI)

Contributor(s):

Carlos Acosta (LEOPOLY), Robert Piechaud (IRCAM), Aggelos Gkiokas
(ATHENA), Manuel Bouillon (UNIFRI), Daniel Martin-Albo (WIRIS)

Quiality Assuror(s):

Petros Stergiopoulos (EA), Erica Andreotti (UCLL)

Dissemination level:

PU

Work package

WP5 — Workbench of iMuSciCA prototypes

Version: : 1.0
Keywords: i iMuSciCA workbench toolkits, interactive music activities
Description: : This deliverable reports on the initial implementation of sample items

from the lesson plans developed in WP2 using the workbench toolkits of
D5.1-D5.4. These demonstrators will be used in the usability validation
of the prototypes on a small number of students in pilot testings of WP6.

H2020-ICT-22-2016 Technologies for Learning and Skills
iMuSciCA (Interactive Music Science Collaborative Activities)
Project No. 731861

Project Runtime: January 2017 — June 2019
Copyright © iMuSciCA Consortium 2017-2019



Executive Summary

This deliverable reports on the implementation of sample items from the lesson plans developed in
WP2 using the workbench toolkits of iMuSciCA deliverables D5.1 (Initial 3D musical instrument
interactive design kit), D5.2 (Initial music activities based on mathematical equations and geometric
curves), D5.3 (Initial Pen-enabled canvas for music and audio co-creation and interaction) and D5.4
(Initial Pen-enabled canvas for music and audio co-creation and interaction). These demonstrators

will be used during the usability validation of the prototypes with a small number of students in the
pilot testing, as given in WP6.

The workbench can be accessed at:
http://platform.imuscica.eu/workbench.html

Example of the workbench following a lesson plan:
http://platform.imuscica.eu/workbench.html?clmc=https://platform.imuscica.eu/imuscica/a
ctivity/2_Sc_StndgWavesResFrequencies_L1 _RowResonantTones.clmc
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LIST OF ABBREVIATIONS

Abbreviation

2D, 3D

AJAX

API

LMS

LRS

RESTful web services

STEAM

WP

ATHENA

UCLL

EA

IRCAM

LEOPOLY

CABRI

WIRIS

UNIFRI

Description

2-dimensional or 3-dimensional space

Asynchronous JavaScript And XML

Application Programming Interface

Learning Management Platform

Learning Record Store

Representational state transfer (REST) ful web services
Science, Technology, Engineering, Art, Mathematics
Work Package

ATHENA RESEARCH AND INNOVATION CENTER IN INFORMATION
COMMUNICATION & KNOWLEDGE TECHNOLOGIES

UC LIMBURG
ELLINOGERMANIKI AGOGI SCHOLI PANAGEA SAVVA AE

INSTITUT DE RECHERCHE ET DE COORDINATION ACOUSTIQUE
MUSIQUE

3D FOR ALL SZAMITASTECHNIKAI FEJLESZTO KFT
Cabrilog SAS
MATHS FOR MORE SL

UNIVERSITE DE FRIBOURG
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1. Introduction

The Workbench is the place where students can perform STEAM related activities according to the
iMuSciCA Pedagogical framework (see D2.1 “Initial Pedagogical framework and iMuSciCA use cases
by learners and teachers”). It provides a set of tools, classified according to the different STEAM
domains: music, science/maths and engineering/technology.

Tools can be opened (launched) by clicking on the corresponding button. Each tool button is located
at the top of the window, in a rectangle of gray color (see Figure 1). Tool domains are color coded,
i.e. all tools belonging to the same domain will share the same color. For this deliverable the

following colors have been attributed:
- blue for Music,
- orange for Science/Maths,
- green for Engineering/Technology.
These colors will change in the future when the iMuSciCA graphical design will be completed.

This is the iMuSciCA workbench offering
various tools to freely STEAMing

Press any button above to explore and start your journey!

Disclaimer

Actual graphical design, including colors, will surely
change when the overall iMuSciCa Graphical Chart
will be adopted. Here

- blue is for Music,

- orange for Math & Sciences and

- green for Engineering.

Figure 1. iMuSciCA Workbench landing page

Using the default workbench page as in Figure 1, students can freely use the iMuSciCA tools. They

can also follow template iMuSciCA lesson plans (see Figure 2.a, and D2.3 “Initial Educational

scenarios and lesson plans for iMuSciCA”). One example can be found here:
http://platform.imuscica.eu/workbench.html?cImc=https://platform.imuscica.eu/imuscica/a
ctivity/2_Sc_StndgWavesResFrequencies_L1_RowResonantTones.cimc
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In this last configuration, the iMuSciCA tools are directly available inside the lesson where they are
needed (see Figure 2.b).

How can you produce different tones on a flute? ﬂ
How can you alter the pitch on a flute?

() By (un)covering the holes.

() By blowing longer.

() By holding the flute more to the left side.

Scenario 2: Can an instrument vibrate
in a sequence of natural tones?

I <>

Figure 2.a. Screenshots from an iMuSciCA lesson plan (page 1 and 2)
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Figure 2.b. Screenshot from an iMuSciCA lesson plan, with a page containing an iMuSciCA tool

2. Workbench

2.1 Installation and technical requirements

The workbench can be accessed at: http://platform.imuscica.eu/workbench.html. The workbench is
built upon the Cabri engine (graphic card on client computer must support WebGL). After accessing
the link, the workbench main screen will be displayed (see Figure 1).
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2.2 Description of demonstrator and user manual

When launched, the Workbench displays the following layout:
® A top area containing a set of icons to launch tools. Currently there are 10 tools: 6 for Music
(in blue), 1 for Engineering/Technology (in green), 3 for Science/Maths (in orange).
e Just below some general information, including an invitation to click on some of the icons.
This text will be updated in the course of advancement of the iMuSciCA project.

Pressing any of the icons leads the learner to each specific tool environment. A description of the
tools follows below.

2.2.1 Music tools

ﬁ Tool 1: Drawing Canvas for Music Creation

This tool allows users to play sounds, where the frequency of the sound can be set by drawing (see
Figure 3). The user draws using a (default) orange pen and various parameters that are accessible
with additional buttons, including the play button as a white triangle in a black circle. This tool is for
example used in lesson plan 2.1 “The row of resonant tones” and lesson plan “Let’s hear Thales’
theorem”.

Music Eod Ll Do el Pl (SR U4

Drawing Canvas for Music Creation

139691 Hz

134551 Hz

g

124451 Hz
1174.66 Hz
110873 Hz

|

104550 Hz
987.77Hz
93233 Hz
830.00 Hz
23061 Hz
78399 Hz
739.99 Hz
698.46 Hz
659.26 Hz
62225Hz
58733 Hz
55437 Hz
52325 Hz
49388 Hz
466.16 Hz
440.00 Hz
41530Hz
30200 Hz
369.99 Hz
34023 Hz
32963 Hz
INA3H

29366 Hz
27718 Hz
26163 Hz
24694 Hz
233.08Hz
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Figure 3. Tool 1: Music Canvas for Music Creation
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.ii' Tool 2: Performance Sample Sequencer

This tool allows students to work on a performance recording, obtained from the Musical Instrument
Performance/Interaction activity environment. Students can use their recordings to generate new
music. To this end, stored recorded performances can be imported in audio form into the Sampler’s
interface. The student can then select samples from this performance recording as regions on the
waveform and activate those samples on the sampler’s matrix. The user can store the current
settings of her/his composition and share it with other students, generating the conditions for
co-creation. This tool is used for example in lesson plan 1.2 “What is tone?” to compose a groove by
using recorded sounds. This tools allows music creation by selecting sound samples and defining
patterns played in sequence (see Figure 4).

Misic Ead (il poo e Padl LR
Performance Sample Sequencer

Select file: abstract

Play/Pause
Recording

‘play’ f Tempo: 120 BPM Swing: 0.5 SWG =
Select time signature: 4/4 Select time resolution: 16ths
Sample 1 |Initial pitch: -- Confidence: 0 | Pitch shift: 0 semitones E
“ﬁ? ii;n E| Density: 0.5 E| Syncopation: 0.5

Sample 1 Everllsl Sampt%
Sample 2 Everllsl Sampt%

Figure 4. Tool 2: Performance Sample Sequencer.
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“ Tool 3: Tones Synthesizer

The Tones Synthesizer tool allows students to explore timbres as an addition of multiple sinusoidal
elements. Students are able to listen to the sound produced by up to eight sinusoidal elements
combined (summed), change their parameters (amplitude and frequency) and visualise the
produced waveform either of the sum or of each element separately (see Figure 5). This tool can be
used for example in lesson plan scenario 3 ‘Timbre of musical instruments’ and 30 ‘Timbre revisited’.

Music B Lud BOd sl Padl

Tones Synthesizer

0.047, 0.047

1 |
v Y
v
1
_1-'8.05 -0.04 -0.03 -0.02 -0.01 0 001 002 0.03 0.04 005
= =]
X-axis adjustment: E Y-axis adjustment: |i|
| Play all || Stop all |
] 03 [sin(2*pi*101.8 ) [ —~ 7| Play | Stop | Show |
Bl 3 fsn(2*pi*210.7 ) — | Play | Stop | Show |
3] 3 fsin(*pix1523 ) [ [~ v Play | stop | Show |

[+l

Figure 5. Tool 3: Tones Synthesizer

Tool 4: Sound Visualizer

This set of tools allows users to visualize the sound currently playing, using various representations
(see Figure 6.a and 6.b). The first is composed of three parts, the drawing canvas in the middle, the
control buttons at the bottom and the visualization views on the right (Figure 6.a). The second, the
Snail, is a very high-precision frequency-domain analyzer that delivers an easy to understand
representation of sounds based on the scales and notes aligned in spectrally active zones (Figure 6.b
- Left). The third type of visualization involves the energy of the sound with respect to time, the
tempogram, and a 3D Spectrogram (Figure 6.b - Right). This set of tools can be used for example in
lesson plan scenario 3 ‘Timbre of musical instruments’, 30 ‘Timbre revisited’ and 40 ‘In search of
understanding consonance/dissonance’.
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Figure 6.a. Tool 4: Sound Visualizer - set 1
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Figure 6.b. Tool 4: Sound Visualizer - set 2 (The Snail) and 3
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i Tool 5: General Music Tools

This set of tools includes tools pertaining to the basic musical core enabling technologies (see Figure
7) that include a metronome, a reference pitch tool, a tuner, audio input and audio recording.

Music /

General Music Tools

PPV
Tempo: 120 BPM axB B
2 A

Swing: 0.5 SWG G# ‘
Resolution: /s e+ D/

use demo audio

Select file:| abstract v

use live input

Start recording H Stop recording

Figure 7. Tool 5: General Music Tools

Tool 6: Musical Instrument Performance

This tool allows students to use their hands (Leap-based interaction module) and arms/body
(Kinect-based interaction module) in order to interact with a virtual instrument (see Figure 8). The
environment that hosts these provides the user with the following functionalities:

e Selection of the desired interaction sensor (i.e. Leap Motion or Kinect).

e Selection of the desired gestural interaction type (i.e. free or gesture-based).
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o Loading of customized virtual instruments from the which were previously designed and
constructed by the user within the 3D Musical Instrument Design environment.
Recording and storing user’s performance sessions.
Generate pitch reference tones, as well as detecting and displaying in real-time the pitch of
produced sound tones from the performance of virtual instruments.
e Study audio-related visualisations that derive from either real-time performances or from
previously recorded sessions.
It should be noted that free interaction and gesture-based interaction are quite different
performance approaches. During free interaction, the students are “embedded” within a virtual
world where they can see 3D models of their hands and bodies, which, on their side, interact directly
with the virtual instruments, such as virtually plucking the strings or hitting the drum membrane. On
the other hand, with gesture-based interaction mode, the students use gestures as “motion
templates” for triggering musical events related to the virtual instruments. This tool will be used in
lesson plans including a musical expression.

Music R [dd] Dot Gl Call (ORI V8
Musical Instrument Performance

IMUSCICA ™ action Options =

sensor  LLAP

Interaction: ||/ W
\ 1
\ |

Visualization Menu

Powered by ILSP for iIMuSciCA

Figure 8. Tool 6: a performance session using the Leap Motion sensor and free interactions with a
virtual string instrument
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2.2.2 Engineering / Technology tool

W Tool 7: 3D Musical Instrument Design

In this environment the user is able to design and adjust the parameters of a 3D model of virtual
instruments (see Figure 9). In this version, the user can load pre-designed 3D virtual instruments of a
multichord, a circular or square membrane and a xylophone, adjust respectively various parameters
(e.g. for the multichord the body length, chord tension, etc.) and check their individual effect on the
sound produced when the instrument is excited.

This tool is used for example in lesson plan 2.4 “Changing the pitch of the fundamental” and lesson
plan A2 “Design a monochord playing note A”.

craneerns (3 I I P U 1A 5 A

3D Musical Instrument Design
(St [ et o S ) o]

Monachord || Circle Membrane || Square Membrane || Xylophon

= TRY

‘ Radius:  mffmm——r _mm ‘
Tension: —@——— N

(E CEIH A luminium

Tyl Try2

= TRY

Radius: el mm
Tension: —@——— N
m v

Material: B

Tyt

Leopoly_v3.1.2-28-g30d327754
fps: 13 (75.01 ms)
#tris: 9204

Figure 9. Tool 7: 3D Musical Instrument Design

2.2.3 Science / Maths tools

E Tool 8: Sonification of mathematical equations and geometric curves

This tool allows users to draw functions and play a particular sound for them (see Figure 10 and D5.2
“Initial music activities based on mathematical equations and geometric curves”). The
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sound/frequency play is related with the y-value of that particular function. This tool will be
implemented in lesson plans for higher secondary schools.

caa L) ot i ol ) L4 12 i

Sonification of mathematical equations and geometric curves

Figure 10. Tool 8: Sonification of mathematical equations and geometric curves.
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“ Tool 9: Math Equation Editor

This tool allows users to write math equations using menus and keyboard, or by handwritten
recognition (see Figure 11). This tool will be useful in any of the iMuSciCA lesson plans.

= W 4 = 2P b A

Math Equation Editor
e )
2o P em| e 9B AT 5
x t|€ c|oe 73 = —
U@ & bl @ - .yt 16Tl —Sizz— v
sin(a-x)
.

Figure 11. Tool 9: Math Equation Editor.

/a\ Tool 10: Geometry and Algebra Tools

This environment is based on Cabri Express, a Math all-purpose exploratory environment (see Figure
12). Various math tools (geometry construction and algebra tools, including an advanced calculator)
are available from a pile located on the left. Constructions can be performed in 2D or 3D. An
extensive user guide of this specific environment is provided separately. This tool will be used to
measure and to make simulations, for example simulations about the superposition of waves (e.g.
lesson plan 2.3 “How do standing waves occur?”).
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Figure 12. Tool 10: Geometry and Algebra Tools.
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3. Learning Management System (LMS)

The goal of the LMS is to give access to the lesson plans and to handle student access and grading
(see Figure 13).

iMuSciCA Moodle: Log in to the site - Chromium

7 iMuSciCA Moodle: | x W\

= C | @& Secure | https://Ims.imuscica.eu/moodle/login/index.php ? Y|

iMuSciCA Moodle

Forgotten your usemname or
password?

Cookies must be enabled in your
Remember username browser

. Some courses may allow guest
Log in
access

Log in as a guest

Is this your first time here?

For full access to this site, you first need to create an account

Create new account

You are not logged in.

0.025008 secs RAM: 3.8MB RAM peak: 4.6MB

Figure 13. The Moodle platform on the iMuSciCA LMS server.

3.1 Installation and technical requirements

For the pilot tests, we provide a server with a LMS so that the different schools don’t have to install
and configure one, and so that we can easily implement the workbench integration and the different
lesson plans. We chose to use the well known LMS Moodle and we installed it on the iMuSciCA LMS
server, which is available at the following URL: https://Ims.imuscica.eu.

3.2 Description of demonstrator and user manual

The documentation of Moodle is available online at: https://docs.moodle.org.
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4. iMuSciCA Management Platform

The goal of the backend platform server is to host the workbench and the lesson plans, to store
student records and to record information about the workbench usage (both technical and
pedagogical).

4.1 Installation and technical requirements

The backend platform server hosts two different things: first the workbench HTML page, and second
a RESTful APl web services that provide different functionalities for the workbench. The platform
server is available at the following URL: https://platform.imuscica.eu, which hosts the workbench
(https://platform.imuscica.eu/workbench.html) and the WebService RESTful API entry point
(https://platform.imuscica.eu/imuscica/, not accessible with a browser).

4.2 Description of demonstrator and user manual

The different functionalities of the backend platform server can be accessed by sending AJAX
request to the corresponding RESTful APl web services.

4.2.1 Serving Activity Files

Learning content can be listed by sending a GET request to the following URL:
https://platform.imuscica.eu/imuscica/activities

Specific learning content can be accessed by sending a GET request (or accessing it with a browser)
to the following URL with the correct project, scenario, lesson plan and activity ID:
https://platform.imuscica.eu/imuscica/project_id/scenario_id/lesson_plan_id/activity_id.clmc

4.2.2 Learning Record Store (LRS)

The LRS stores and serves students learning collected records in order to allow them to save their
progress between classes. The LRS can be accessed by sending POST/GET/DELETE requests (but not
with a browser) at the following URL: https://platform.imuscica.eu/imuscica/storage providing the
student and file ID.

New file can be stored by sending a POST request, file can be updated with a PUT request, and
deleted with a DELETE request. Files can then be accessed with a GET request.

4.2.3 Student Tracking Progress

Student progresses on the workbench can be tracked by sending a POST request (but not with a
browser) to the following URL: https://platform.imuscica.eu/imuscica/tracking with the student and
activity ID.
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4.2.4 Technical Logging

Technical behavior of the workbench can be logged by sending a POST request (but not with a
browser) to the following URL: https://platform.imuscica.eu/imuscica/logging with the student and
activity ID.
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