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Executive Summary 
This deliverable describes the intermediate iMuSciCA pedagogical framework and iMuSciCA use           

cases by learners and teachers and is a further development of deliverable ​,ÿÎþ Ý 6xn¨nYv n>©Lbn*!                

¢fdYlzlnbYv k¥Ywf¯z¥u Yxd n>©Lbn*! ©¦f bY¦f¦ a± vfY¥xf¥¦ Yxd ¨fYbmf¥¦​. The basic principles of the               

iMuSciCA pedagogy are described in D2.1. In this deliverable we focus on the further              

implementation of this pedagogy within the iMuSciCA scenarios (see also deliverable ​,ÿÎĀ Ý 6xn¨nYv              

.d©bY¨nzxYv ¦bfxY¥nz¦ Yxd vf¦¦zx ¢vYx¦ kz¥ n>©Lbn*!​) and into the iMuSciCA workbench (see also              

deliverable ​,ĂÎĂ Ý 6xn¨nYv ,fwzx¦¨¥Y¨z¥¦ zk n>©Lbn*! ¯z¥uafxbm ¨zzvun¨¦​).  

iMuScCA introduces a contemporary teaching methodology at the intersection between art and            
science, by combining the following 5 strong points: 

1. iMuSciCA’s innovative interdisciplinary pedagogy 
2. iMuSciCA’s new Inquiry Learning across STEAM fields 
3. iMuSciCA’s three stages: from guided towards open inquiry (like in the real STEAM-world) 
4. Collaborative and co-creative learning: in different fields, each fostering the other 
5. 21st century skills: across  different STEAM-fields 

We present in particular how this interdisciplinary pedagogy connects concepts and skills of music              

with those of science and engineering by involving students (and teachers) into inquiry and tinkering.               

STEAM-rich inquiry and tinkering activities are designed to support ​nx¨f¥dn¦bn¢vnxY¥± ​investigations           

and creativity because they are using a STEAM-rich palette of tools, concepts, and phenomena.  

The structure of the iMuSciCA pedagogical framework is so that it allows to follow a safe guided                 

inquiry path as well give students room to more open and adventurous pathways. Therefore,              

iMusCiCA provides open but scaffolded paths if needed, with appropriate guiding for teachers.  

In this pedagogical guide, we will explain what novelties iMuSciCA is bringing to the classroom and                
how iMuSciCA can help you as a teacher with this. 
 

 

 

  

  

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 1 of 60 

 

http://www.imuscica.eu/wp-content/uploads/2016/11/iMuSciCA_WP2_D2.1_PedagogicalFramework_v1.0.pdf
http://www.imuscica.eu/wp-content/uploads/2016/11/iMuSciCA_WP2_D2.1_PedagogicalFramework_v1.0.pdf
http://www.imuscica.eu/wp-content/uploads/2016/11/iMuSciCA_WP2_D2.3_InitialEducationalScenariosandLessonPlansForiMuSciCA_v1.0.pdf
http://www.imuscica.eu/wp-content/uploads/2016/11/iMuSciCA_WP2_D2.3_InitialEducationalScenariosandLessonPlansForiMuSciCA_v1.0.pdf
http://www.imuscica.eu/wp-content/uploads/2016/11/iMuSciCA_WP5_D5.5_InitialDemonstratorsofiMuSciCAWorkbenchToolkits_v1.0.pdf


 

 

Version Log 

Date Version 

No. 

Author Change 

8-12-2017 0.1 Renaat Frans (UCLL), Erica Andreotti 

(UCLL) 

Initial structure 

20-12-2017 0.2 Renaat Frans (UCLL), Erica Andreotti     
(UCLL) 

Draft version 

26-12-2017 0.3 Renaat Frans (UCLL), Erica Andreotti     
(UCLL) 

First sections almost ready, last     
ones still work in progress 

27-12-2017 0.4 Renaat Frans (UCLL), Erica Andreotti     
(UCLL) 

First full readable version. Internal     
review process initiated. 

05-01-2017 0.5 Renaat Frans (UCLL), Erica Andreotti     
(UCLL) 

Remarks processed. Executive 

summary ​Introduction and 

conclusion rewritten. 

08-01-2017 1.0 Renaat Frans (UCLL), Erica Andreotti     
(UCLL), Evita Fotinea (ATHENA),    
Vassilis Katsouros (ATHENA) 

Preparation of final version for 

upload. 

   

Disclaimer 

This document contains description of the ​iMuSciCA project findings, work and products. Certain             
parts of it might be under partner Intellectual Property Right (IPR) rules so, prior to using its content                  
please contact the consortium head for approval. 

In case you believe that this document harms in any way IPR held by you as a person or as a                     
representative of an entity, please do notify us immediately. 

The authors of this document have taken ​any available measure in order for its content to be                 
accurate, consistent and lawful. However, neither the project consortium as a whole nor the              
individual partners that implicitly or explicitly participated in the creation and publication of this              
document hold any sort of responsibility that might occur as a result of using its content. 

This publication has been produced with the assistance of the European Union. The content of this                
publication is the sole responsibility of iMuSciCA consortium and can in no way be taken to reflect                 
the views of the European Union. 

iMuSciCA is an H2020 project funded by the European Union. 

 

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 2 of 60 

 



 

TABLE OF CONTENTS 
Executive Summary 1 

1. Introduction 6 

2.  iMuSciCA’s STEAM Pedagogy Rationale:  
connecting hitherto unconnected fields on an innovative manner 7 

2.1. iMuSciCA’s innovative, interdisciplinary Pedagogy 8 

2.2. iMuSciCA’s new Inquiry Learning across STEAM fields 9 

2.3. iMuSciCA’s three stages: from guided to open inquiry  
2.4. Collaborative and co-creative learning 13 

2.5. 21st century skills 14 

3. The iMuSciCA Learning Environment 17 

3.1. The iMuSciCA workbench 17 

3.2. The iMuSciCA pedagogical guide that describes the iMuSciCA scenarios 19 

3.3. The iMuSciCA Learning Content Management System 21 

3.4. iMuSciCA scenarios implemented in Cabri Express: Ready to go 22 

4. How iMuSciCA’s Learning Environment implements iMuSciCA’s STEAM pedagogy 23 

4.1. Brings an innovative interdisciplinary pedagogy 23 

4.2.  Brings new inquiry learning across STEAM fields 24 

4.3. Three stages: from guided towards open inquiry 25 

4.4. Fosters collaborative and co-creative learning 27 

4.5. Addresses 21st century skills 30 

5.  An iMuSciCA Use Case Scenario: design your own music instrument playing natural tones 32 

5.1. A motivating scenario: design your own instrument 32 

5.2. Concepts & skills and their connections between different STEAM fields 33 

5.3. Typical implementation in the iMuSciCA Learning Environment 33 

5.3.1. Implemented as a guided inquiry 34 

5.3.2. Implemented as an open inquiry scenario 35 

6.  iMuSciCA brings innovation to national curricula 36 

6.1. No STEAM on the standard curricula, but teachers are willing to connect arts to science 36 

6.2. Per country possibilities to connect iMuSciCA’s innovative pedagogy to the standard            
curriculum 36 

6.2.1. In France 36 

6.2.2. In Belgium 36 

6.2.3. In Greece 36 

7. Conclusion 37 

References 37 

Appendix 1 - Example of pedagogical guide that describes a scenario 40 

Appendix 2 - iMuSciCA’s IBSE pedagogy 49 

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 3 of 60 

 



 

Appendix 3 - How to connect iMuSciCA’s to the national curricula in France, Belgium and Greece 55 

3.2.1. In France 55 

3.2.2. In Belgium 56 

3.2.3. In Greece 57 

 

  

  

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 4 of 60 

 



 

LIST OF ABBREVIATIONS 

Abbreviation Description 

LCMS Learning Content Management System 

WP Work Package 

ATHENA ATHENA RESEARCH AND INNOVATION CENTER IN INFORMATION       
COMMUNICATION & KNOWLEDGE TECHNOLOGIES 

UCLL University College Limburg 

EA ELLINOGERMANIKI AGOGI SCHOLI PANAGEA SAVVA AE 

IRCAM INSTITUT DE RECHERCHE ET DE COORDINATION ACOUSTIQUE MUSIQUE 

LEOPOLY 3D FOR ALL SZAMITASTECHNIKAI FEJLESZTO KFT 

CABRI Cabrilog SAS 

WIRIS MATHS FOR MORE SL 

UNIFRI UNIVERSITE DE FRIBOURG 

STEM Science, Technology, Engineering and Maths 

STEAM Science, Technology, Engineering and Maths combined with Arts 

IBSE Inquiry Based Science Education 

URL Uniform Resource Locator 

 

  

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 5 of 60 

 



 

1. Introduction 
Up till now Inquiry Based Science Education (IBSE), as the name states, was mainly used in science                 
education or at the utmost in fields like music or engineering, but then as separated subject matter                 
inquiries (see for instance Pedaste et al., 2015). 

Most students nowadays in school see hardly ever relation between concepts or skills that are being                
taught to them in different fields or subject matters (Honey et al., 2014). Moreover our own small                 
curriculum study (see section 6) showed that in none of the studied countries a pedagogy connecting                
Music with Science and Engineering, can be found in the standard curriculum. So, iMuSciCA brings               
something new here. 

Example: Students in school learn about waves and superposition in physics and            
mathematics, they don’t connect this to what they are experiencing in music: melody,             
timbre or harmony. The same goes for engineering: while designing their own instrument,             
supposed they will get a task like this in standard curriculum (but it is one of the iMuSciCA                  
scenarios!) they hardly experience that concepts of maths and physics are at stake there.  

iMuscica on the other hand really focuses on these intertwinings and this on many dimensions:               
interdisciplinary concepts and skills (see section 2.1), inquiries across fields (see section 2.2), stages              
from guided ​to unguided (see section 2.3), collaborative and co-creative learning (Section 2.4) and              
21st century skills (section 2.5) 

In section 3, you discover what makes up the iMuSciCA Learning environment. It goes from a                
workbench where you can find different tools, over pedagogical guided scenarios to see how              
iMuSciCA will really work in your classroom towards ​ready to go template scenarios made in the                
Cabri Express environment who will start a mouse-click away. 

In section 4, you ‘ll find out how the interdisciplinary nature of iMuSciCA can be found back on the                   
iMuSciCA workbench, in the inquiry scenarios, in the content, in the connected concepts, in the               
tinkering, in the different manners of inquiry (inquiry in music is not the same as in engineering!), in                  
the way students are led from guided to more open ​forms of inquiry, in the shared active                 
experiences of teaching and learning (shared among students working in small groups, but also              
shared between teachers of different disciplines), in encouraging learning transfer and fostering            
creativity between and across different STEAM disciplines.  

In sections 5, you will find an example of an ​iMuSciCA scenario you can deploy in your classroom. It                   
is about ‘designing your own instrument playing natural tones’. It will be explained how your               
students can follow a more safe pathway of guided inquiry or maybe you prefer a more open                 
adventurous approach and start directly by playing with one of the iMuSciCA tools. More              
pedagogical scenarios are provided in deliverable ​,ÿÎĀ Ý 6xn¨nYv .d©bY¨nzxYv ¦bfxY¥nz¦ Yxd vf¦¦zx             
¢vYx¦ kz¥ n>©Lbn*!​.  

In section 6, it is showed, albeit an intertwined STEAM pedagogy is mostly not part of standard                 
curriculum, you can discover how you can connect it to your curriculum anyway ​by combining               
learning goals of different subject matter fields. 

These interdisciplinary pedagogical methodologies and the combination of them all in iMuSciCA is             
quite unique. With the use of state of the art educational ​technology tools, developed by the                
iMuSciCA consortium, we hope to develop this innovative interdisciplinary pedagogy further. In            
three countries there is an intensive piloting and collaboration with teachers in schools​. The              
experiences in school are collected and iMuSciCA is continuously improved on this and other              
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feedback. This way iMuSciCA hopes to give active, discovery-based, and more engaging learning,             
with opportunities for collaboration, co-creation and collective knowledge building.  

 

Figure 1​. The iMuSciCA workbench with the Sonification of Maths equations opened:  
one of the tools students can play with on the iMuSciCA workbench 

2. iMuSciCA’s STEAM Pedagogy Rationale:  
connecting hitherto unconnected fields on     
an innovative manner  

We explain in this section how iMuScCA introduces a contemporary teaching methodology at the              
intersection between art and science, by bringing the following 5 highlights into the classroom:  

1. iMuSciCA’s innovative interdisciplinary pedagogy 
2. iMuSciCA’s new Inquiry Learning across STEAM fields 
3. iMuSciCA’s three stages: from guided towards open inquiry ​(like in real STEAM-world) 
4. Collaborative and co-creative learning​: in different fields, each fostering the other. 
5. 21st century skills​: across  different STEAM-fields. 

While in this section we give the background and rationale of iMuSciCA’s pedagogy around these 5                
strong points, we will give in section 5 ‘typical iMuSciCA use case scenario’ a concrete example of an                  
innovative iMuSciCA scenario and how these 5 points do land in a lesson or scenario. Hence, this                 
section is about the what and the why. Section 5 is about the how it's done.  

 

Figure 2​. Innovative features of iMuSciCA’s pedagogy  
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2.1. iMuSciCA’s innovative, interdisciplinary Pedagogy 

STEM education initiatives need to build in opportunities 

that ​make STEM connections explicit to students and educators 

(Honey et al., 2014) 

To connect what was hitherto unconnected in education 

At the heart of the iMuSciCA pedagogy is the idea that ​concepts of different fields, mostly left                 
unconnected in schools, are now seen in relation to each other​. Most students nowadays in school                
see hardly ever relation between concepts that are being taught to them in different fields or subject                 
matters (Honey et al., 2014). Moreover our own small curriculum study (see section 6) showed that                
in none of the studied countries a pedagogy connecting Music with Science and Engineering, can be                
found in the standard curriculum. So, iMuSciCA brings something new here. 

One of the strong points of iMuSciCA’s new pedagogy is to foster these connections and to make                 
them explicit to learners, by making them experience and discover relations between hitherto             
unrelated subject matters. iMuSciCA provides to schools tools and lesson scenarios that will bring              
this connecting STEAM pedagogy to classes. 

iMuSciCA let students experience a ‘many worlds’ journey through these different STEAM fields and              
let them learn how inquiries in those worlds differ, but are related at the same time.  

Below under section ​ĂÎ Yxd Yv¦z nx Y¢¢fxdn° þË ​you will find an example scenario. We will illustrate                  
there how iMuSciCA connects hitherto in schools unrelated fields in an intertwined pedagogy. The              
final goal of this example scenario is ​¨z df¦nlx Yx z¯x w©¦nbYv nx¦¨¥©wfx¨ aY¦fd zx ¨mf xY¨©¥Yv                 
¨zxf¦​.  

Typically a scenario gives a general framework for the treated concepts, like for example the sample                
scenario we describe under section ​Ă​: it is about creating and playing an own instrument, which is                 
the final goal of the scenario. So pupils are motivated to move forward and learn about the treated                  
concepts while looking for the realization of this goal. The concepts used in each lesson of a scenario                  
are schematically summarized at the end of each lesson plan, so to make them explicit also to the                  
learner.  

Tinkering in an interdisciplinary context: design, make, play 

But there is more: iMuSciCA’s interdisciplinary STEAM give a ideal milieu for ​tinkering ​too. Tinkering               
as a branch of making that emphasizes creative, improvisational problem solving. STEM-rich            
tinkering activities are designed to support ​nx¨f¥dn¦bn¢vnxY¥± ​investigations and creativity using a            
STEM-rich palette of tools, concepts, and phenomena. [Honey & Kanter, 2013 ; Martinez & Stager,               
2013]  

In many scenarios and inquiries of iMuSciCA students are involved in typical interdisciplinary             
tinkering tasks like ‘built your own bottle organ’ or ‘make your own flute’. These are tinkering                
challenges where a lot of collaborative skills and insights are requested. ​Design, make, play: it is all                 
in iMuSciCA’s pedagogy ​in order to grow the next generation of STEM innovators [Honey & Kanter,                
2013].  
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2.2. iMuSciCA’s new Inquiry Learning across STEAM fields  
Up till now Inquiry Based Science Education (IBSE), as         
the name states, was mainly used in science itself or          
in other fields too like music or engineering at the          
utmost, but if then as separated inquiries in each         
subject matter field (see for instance Pedaste et al.,         
2015).  
 
iMuSciCA now brings inquiry learning into classroom       
but across disciplines ​nx Y bzxxfb¨fd ¯Y±​. iMuSciCA’s        
brings IBSE in a crosscutting threefold way: 

1. Stage 1: ​IBSE pedagogy  in science education 

2. Stage 2: IBSE pedagogy ​in different fields​: Music, Science & Engineering 

3. Stage 3: show how IBSE in different fields ​is connected 

The IBSE phases are maye quite classic but ​iMuSciCA uses them across the different STEAM fields​: 
1. Engage 
2. Imagine 
3. Create 
4. Analyse 
5. Communicate and reflect 

As indicated in the iMuSciCA STEAM-pedagogy, these phases are made explicit in the iMuSciCA              
scenarios and lessons, both to the teachers and to the pupils. The idea is to trigger their awareness                  
concerning the learning process they go through. The scheme of inquiry phases is a ​wzdfv ​of the                 
inquiry process. Not every inquiry follows exactly this scheme. It may so happen that certain phases                
can be repeated several times in a lesson or scenario and not always in the ‘right’ order. This reflects                   
also the sometimes quite dazzling inquiry paths that occur in the real STEAM world. 

iMuSciCA uses these different IBSE phases in the different STEAM fields ​zx Y bzxxfb¨fd ¯Y±Î MmY¨ ​is                 
new to schools who were used to do IBSE up till now mainly in science. In iMuSciCA, attention is                   
given both to the identity of every STEAM discipline, its concepts and practices, ​Y¦ ¯fvv Y¦ ¨z ¨mf                  
bzxxfb¨nzx¦ af¨¯ffx ¨mf knfvd¦​. Therefore, ​the traditional IBSE phases are broadened so as to let               
room to activities usually not incorporated in science inquiry.  

Example ​“Creation” phase ​in the iMuSciCA scenario ​Design your instrument. ​We show here how              
iMuSciCA ​a¥zYdfx¦ Yxd bzxxfb¨¦ ​traditional ​inquiry phases across disciplines​.  

Creation ​nx >©¦nb 

To ​df¦nlx ​a musical expression you need a melodic pattern, a musical form, a modus, a time                 
signature (two beat or three beat). Building a prototype of a musical instrument requires              
musical understanding as well as a positive attitude for technology and engineering. 

Creation ​nx LbnfxbfÝ>Y¨mfwY¨nb¦ 

In the world of science and mathematics ​b¥fY¨nzx ​is linked to ​nx®f¦¨nlY¨nzx ​to understand.              
This is also a creative process, but with some different, specific accents. Typically is to create                
representations, create, apply and adapt models. When explaining something, modeling and           
theory is at stake (Tiberghien, 2000). In the iMuSciCA context, the investigation will lead to a                
scientific/mathematical understanding of music, which will support the creation of a musical            

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 9 of 60 

 



 

instrument and a musical composition.  

Creation ​in ​Mfbmxzvzl±Ý.xlnxff¥nxl 

In the world of technology and engineering, as in that of music, we can rather speak about                 
df¦nlxnxl ​and ​a©nvdnxl ​something as a result of the creative process, instead of ​nx®f¦¨nlY¨nxl              
to understand.  

 

Figure 3. ​The iMuSciCA workbench with the 3D musical instrument design opened 

You will find more details on how iMuSciCA’s innovative IBSE pedagogy works across these fields in                
every IBSE-phase in Appendix 2. 

2.3. iMuSciCA’s three stages: from guided to open inquiry  
(like in real STEAM-world) 

iMuSciCA adopts a STEAM inquiry phases model which        
reflects the ideas of Deeper Learning      
(​http://www.hewlett.org/strategy/deeper-learning/​), 
which is applicable to the world of music (A),         
technology-engineering (T-E) and science-mathematics    
(S-M).  

The inquiry phases are used as a model, so there are not            
meant to be followed always in a fixed sequence: one          
starts most of the time in a sort of engaging phase, many            
times in the field of music, but also scientific or          

engineering questions (e.g. design your own instrument)can be very engaging. The logical path after              
such an engaging phase would be typical following sequence: imagine, create, analyse, communicate             
(for more details on the inquiry phases see appendix 2). But other paths are also possible, for                 
instance some where some phases come back and back again before proceeding towards the more               
final ‘communicate and reflect’ phase.  

The iMuSciCA pedagogy introduces also a more ​innovative approach towards ​the ​inquiry ​phases             
too, because in many inquiry projects there are applied as a too strict and almost frightening                
framework which is far from the reality of inquiry in research institutions and companies (namely,               
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the real STEM world). The iMuSciCA pedagogy wants to reflect more genuinely the research in the                
real world where: 

1. Different disciplines are connected 

2. Inquiry is done in different disciplines 

3. Inquiry phases follow many times a more adventurous pathway than the model sequence             
from phase A to  Z.  

In this sense, iMuSciCA brings a more open and genuine inquiry to the school, one you will more                  
likely find in the real STEAM world. The iMuSciCA scenarios, lesson plans, as well as the structure of                  
the iMuSciCA workbench, reflects this open and diverse pedagogy. Indeed iMuSciCA offers teachers             
and students two connected ways into the STEAM world: a path from more guided towards more                
open inquiry. By providing students with necessary background knowledge on demand, iMuSciCA’s            
pedagogy avoids recent reported pitfalls for those methods of inquiry who go too quickly to the most                 
open form: these turn out to be quite negative for students of less privileged background. The                
advantage of guidance begins to recede only when learners have sufficiently high prior knowledge to               
provide "internal" guidance. (Kirschner et al., 2006) 

Therefore, iMuSciCA provides ​three stages in using its inquiry STEAM pedagogy​; from guided inquiry              
over open but scaffolded inquiry towards free inquiry. 

1. L¨Ylf þÍ 4©ndfd 6x¤©n¥± Y¦ Y nx¨¥zd©b¨nzx ¨z nx¤©n¥± vfY¥xnxl Yb¥z¦¦ knfvd¦ 

Students learn to perform activities in which the needed concepts are introduced in a logical               
order. In this case the innovative character of the pedagogy lies in the connected way they                
learn to apply the inquiry phases in different fields like music, science and engineering. They               
learn to see connections between concepts across different disciplines, hitherto belonging to            
“separate worlds”.  

 

Figure 4. ​An iMuSciCA template lesson where students are asked  
to inquire stationary waves on a violin with the use of a Cabri animation 

2. L¨Ylf ÿÍ n>©Lbn*!Ð¦ ​open inquiry scenarios  

Some iMuSciCA scenarios are quite open and set goals like “design your instrument”. In              
order to reach this goal you can use the workbench tools (like the iMuSciCA 3D musical                
instrument design activity environment) as they are and walk through some other scenarios             
as well. In fact you can go ‘your own way’ through some of them as building blocks in order                   
to reach your goal: building your own instrument. So iMuSciCA provides you with the              
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necessary background in your open inquiries. This scaffolding in open inquiry is quite             
necessary as is reported by (Kirschner, 2006). iMuSciCA provides just that and so it can claim                
open inquiry possibilities for all. The iMuSciCA workbench tools and template ​scenarios can             
offer a framework through which teachers and students can freely move but get some              
scaffolding when needed​: iMuSciCA supports the learning whenever needed, in order to            
reach the principal goal set out by open inquiries. One can chose in which order and                
whether to do all lesson plans or not. So it is more a path of ​knowledge on demand​. 

3. Stage 3: free use of the iMuSciCA workbench 

The tools in the iMuSciCA workbench can also be also used in a completely free manner by                 
teachers or students. ​Teacher can then create their own lesson plans based on the use ​zk                
the tools in the workbench​, ​or pupils are let free to perform activities using these tools​.                
The prewritten scenarios can serve as a source of inspiration.  

 

Figure 5. ​Playing with the iMuSciCA Tone Synthesizer 

The proposed STEAM pedagogy wants to make a link with the real STEAM world outside the                
classroom. In this sense the STEAM Pedagogy in the classroom reflects the STEAM world out there.                
This freedom in the order of phases in an iMuSciCA activity reflects the open way real investigation                 
occurs because, as the history of science shows us, inquiry follows many times rather unexpected               
paths (Matthews, 1994).  
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2.4. Collaborative and co-creative learning 
Many (if not all) of the iMuSciCA activities are designed to meet the following requirements for                
collaborative learning (Kischner, 2001):  

#1. Active learning​: iMuSciCA is built around scenarios        
that engages students from different perspectives: music,       
science, engineering. Moreover, scenarios are designed      
around inquiries that actively involves the students both        
in thinking as in designing. iMuscica involves a lot of          
tinkering ​as well like e.g. built your own instrument.         
STEM-rich tinkering activities are designed to support       
nx¨f¥dn¦bn¢vnxY¥± ​investigations and creativity (See Section      
2, Honey & Kanter, 2013 ; Martinez & Stager, 2013). In           
these are tinkering challenges a lot of collaborative skills         
and insights are requested.  

#2. Teacher ​is usually more a ​facilitator​: the role of the teacher in iMuSciCA is to support the                  
learning by intervening when needed. But also to create time at the right moments for making                
conclusions about the learned concepts and for discussions between the different groups. Still some              
guidance might be needed, especially for those with weak or less privileged background; Teachers              
can recommend different pathways through the different iMuSciCA scenarios depending on           
student’s background. 

#3. ​Teaching ​and ​learning ​are ​shared experiences​: both within student groups (different roles for              
students from a content point of view are possible in iMuSciCA, so ​nx¨f¥dn¦bn¢vnxY¥± ¨fYw¦​) and               
shared as well between students and the teachers. In case of iMuSciCA teachers we talk about them                 
nx ¢v©¥Yv​, since iMuSciCA recommends to involve ​teachers of different background ​into the project              
(for instance science and music teachers).  

#4. ​Students ​participate in ​small-group activities​: learn to collaborate with peers and to share their               
own ideas about the studied subjects in the different STEAM-fields. 

#5. Students ​must take ​responsibility for learning​: In taking responsibility it could be done in some                
of the proposed activities to put together pupils with different responsibilities based on their              
‘preferences’, like for example: 

Example: a pupil which already is acquainted with music could help others during             
the simple music performance activities (see suggestions in the pedagogical guide           
section in appendix 1); or a pupil which is more used in making something with its                
hands could contribute more in the engineering activities; and so on.  

#6. ​Students ​are stimulated to ​reflect ​on their own ​assumptions ​and ​thought processes​: the              
iMuSciCA pedagogy and inquiry phases foresees explicit ‘Communicate and reflect’ phases where            
the time is halted to see ‘where we are’ and during which social and team skills are further                  
developed.  
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Figure 6. ​Students can create their own melody (for their phone?) using the iMuSciCA workbench, 
but now they can measure the frequencies and the spectrum too 

In this way, the iMuSciCA pedagogy ​teaches students how to collaborate ​with others and this               
reflects again the real STEM-STEAM world, where scientists, engineers, technicians, mathematicians           
and in some cases artists work together to reach their results.  

Science, Music, Technology are all human collaborative activities where inspiration and diverse            
sometimes unexpected pathways are as important as a strict disciplinary methodology. It is this              
diverse and interdisciplinary field of STEAM that iMuSciCA wants to show. Since there is little both                
empirical and conceptual work that has guided interdisciplinary STEAM-based teaching practices           
(Kim & Park, 2012a, 2012b; Yackman, 2008), iMuSciCA as an innovative practice could give some               
input on this research as well. For more details see also 3.2 Structure of scenarios, lesson plans and                  
activities.  

2.5. 21st century skills 
The relevance of a specific topic is clearer to students  

when they understand how it fits within the big picture. 

[Saavedra & Opfer, 2012] 

Various learning scientists came to ​the insight that a contemporary pedagogy needs to addresses              

21st century skills. [Wagner, 2008] for instance, proposes that students need seven ‘survival skills’ in               

the 21st century including: 

1. Critical thinking and problem solving 

2. Collaboration and leadership 

3. Agility and adaptability 

4. Initiative and entrepreneurialism 

5. Effective oral and written communication 

6. Accessing and analyzing information 

7. Curiosity and imagination.  

Many of the proposed skills are related to transfer, metacognition, teamwork, technology, and             
creativity… and iMuSciCA’s pedagogy has in itself these characteristics. So iMuSciCA’s pedagogy            
reflects precisely the 21st century skills the pedagogy is aiming. At the same time these skills are also                  
characteristics of the pedagogy itself. 

[Saavedra & Opfer, 2012] distinguish following ‘9 lessons’ ​kz¥ Y ¢fdYlzl± ¨mY¨ Ydd¥f¦¦f¦ ÿþ¦¨Ýbfx¨©¥±              
vfY¥xnxl​: 
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#1. Make it relevant. 
#2. Teach through the disciplines. 
#3. Develop thinking skills. 
#4. Encourage learning transfer. 
#5. Teach students how to learn. 
#6. Address misunderstandings directly. 
#7. Treat teamwork like an outcome. 
#8. Exploit technology to support learning. 
#9. Foster creativity. 

Source: [Saavedra & Opfer, 2012]  

These 9 pedagogical recommendations are taken into account into         
the iMuSciCA pedagogy. We will demonstrate below how each of          
these 21st century characteristics are addressed.  

#1. Make it relevant. ​To be effective, curriculum must be relevant           
to students. iMuSciCA begins with generative topics at the         
intersection of music, science and engineering. Those topics have         
an important place in the disciplinary or interdisciplinary        
framework. Evidently the ​context of music iMuSciCA ‘resonates’        
with learners and teachers ​(Perkins, 2010). 

#2. Teach through the disciplines. In a classical model of education, teachers transmit factual              
knowledge to students via lectures and textbooks, which are bound to a certain subject matter like                
mathematics, physics, music, engineering. This remains the dominant approach to compulsory           
education in much of the world [OECD, 2009]. Typically students taught in this way, don't have much                 
practice applying their knowledge to new contexts, solve new problems, or using it as a platform to                 
develop creativity. The iMuSciCA pedagogy overcomes exactly these pitfalls by connecting           
disciplines, to make theoretical knowledge transferable and applicable throughout different          
disciplines and contexts. 

#3. Develop thinking skills​. Students in iMuSciCA can develop lower- and higher-order thinking skills              
simultaneously. For example, students practice lower-order skills by plugging numbers into an            
equation or a table as a way to understand the relationship between frequency and natural tones. To                 
deepen understanding of that relationship, iMuSciCA foresees questions that require higher-order           
thinking to answer, such as “Why is there such a clear relationship between the frequencies of                
natural tones? How will instruments work than if they are be played with natural tones?” Addressing                
these questions successfully, while more difficult, contributes to flexible and applicable           
understanding and that is exactly what students need to do to successfully negotiate the demands of                
the 21st century [Schwartz & Fischer, 2006]  

#4. Encourage learning transfer​. Students in iMuSciCA can ​apply ​the ​skills and knowledge they gain               
in one discipline to another ​and what they learn in school ​to other ​areas of their lives ​[Fogarty,                  
Perkins & Barell, 1992]. Ordinary instruction doesn't prepare learners well to transfer what they              
learn, but explicit attention to the challenges of transfer can cultivate it. However, transfer is hard                
and students need support and practice to ensure that it happens. By connecting different disciplines               
in the appealing context of music, iMuSciCA powerfully supports transfer. Questions are asked to              
make conceptual connections between scientific laws and real-life situations [Salomon & Perkins,            
1989]. The same goes for the other fields music and engineering. iMuSciCA especially addresses              
skills, concepts, knowledge, attitudes, and/or strategies in this transfer: 

i. from different fields  
ii. apply them in other fields and towards daily life mostly in the context of music. 
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fields are marked by different symbols and colours. On the workbench musical, scientific and              
engineering tools are marked and coloured differently as shown in the figure below.  

 

Figure 12​. iMuSciCA’s workbench landing page​ ​(draft version) 

In the scenarios, the field is clearly highlighted for the educator (pedagogical guide) but also for                
learners. The background colour changes whenever the field changes respectively from the musical             
world to the scientific world or to the engineering world. For the moment these colours are                
provisional because the overall design is currently be drawn. 

 

Figure 13. ​   (a)  Activity in the music world ​                             (b) Activity in the science world 

In the pedagogical guide scenario meant for the teacher, there is a seperate column that indicate                
which of the STEAM fields the activity is in. 

4.2. Brings new inquiry learning across STEAM fields 
As indicated in the iMuSciCA STEAM-pedagogy and following the recommendations of the American             
report on STEM Education (Honey et al., 2014), the IBSE phases are made explicit in the iMuSciCA                 
scenarios and lessons, both to the teachers and to the pupils. The idea is to trigger their awareness                  
concerning the learning process they go through so that connections between different types of              
inquiry in different fields can be made by the learner (Honey et al., 2014).  

For the students in iMuSciCA the IBSE phase will be made clear by an icon. The precise icons are                   
currently being drawn. There will be icons for the different inquiry phases. 
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In the pedagogical guide scenarios meant for the teachers, the IBSE phase is indicated in a separate                 
column. 

 

Figure 14​. An excerpt out of the pedagogical guide scenario ‘Let us hear Thales theorem’. The IBSE 
phase and the STEM field are explicitly indicated in the first two columns 

4.3. Three stages: from guided towards open inquiry  
iMuSciCA provides three stages in using its inquiry STEAM pedagogy; from guided inquiry over open               
but scaffolded inquiry towards free inquiry. 

þÎ n>©Lbn*!Ð¦ l©ndfd 6x¤©n¥± ¦bfxY¥nz¦:  

One can just open a template iMuSciCA lesson plan (see also ​,ĂÎĂ Ý 6xn¨nYv ,fwzx¦¨¥Y¨z¥¦ zk                
n>©Lbn*! ¯z¥uafxbm ¨zzvun¨¦​). In this configuration, the iMuSciCA tools are directly available            
inside the lesson where they are needed (see figure below). Students learn to perform              
activities in which the needed concepts are introduced in a logical order. In this case the                
innovative character of the pedagogy lies in the connected way they learn to apply the               
inquiry phases in different fields like music, science and engineering. They learn to see              
connections between concepts across different disciplines, hitherto belonging to “separate          
worlds”.  

A guided scenario typically starts in the musical world, from musical experiences, then mostly              
moves on to the scientific world, where scientific questions and investigations let students             
discover more of what lays behind that musical experience. The scientific findings on their              
turn can be applied to the technology or engineering worlds, where pupils use workbench              
tools or even design a musical instrument. With this virtual (or real) instrument you can               
make music again and so you end up many times in the musical world where you started.                 
But other pathways with different start and ending points are possible too. 

At the end of each lesson plan ​concept-maps will be added to make the connections               
between the treated concepts (in the various fields) clear to teachers and pupils. There is               
still work in progress to make the learners think more about these concepts. This was also                
one of the points that came up as a result of the first piloting in schools (See ​,ăÎÿ Ý 6x¨f¥nw                    
¥f¢z¥¨ zx ¨fYbmf¥Ð¦ kffdaYbu Yxd ¢nvz¨ ¨f¦¨nxl nx ¦bmzzv¦ ã!Ý*±bvfä​) 
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Figure 15​. Screenshots from a guided inquiry  iMuSciCA lesson ready to go in Cabri Express 

For the teachers the iMuSciCA template scenarios are structured in columns in a way that               
teachers are guided in their every day implementation of iMuSciCA in class. An example of               
such a scenario for teachers is reported in appendix 1.  

 

 

Figure 16​. Animations in Cabri Express, like this one about what happens when two waves meet,  
guide students to an inquiry about properties of waves. 

ÿÎ n>©Lbn*!Ð¦ open inquiry scenariosÍ 

The iMuSciCA workbench tools and template ​scenarios can offer a framework through            
which teachers and students can freely move but get some scaffolding when needed​:             
iMuSciCA supports the learning whenever needed, in order to reach the goal set out by open                
inquiries. 

Example: the open inquiry scenario ‘Design your instrument playing natural tones’ 

In order to design an instrument playing natural tones, you need to understand what              
natural tones are, how do they originate and which parameters influence them. Therefore             
one can go to the various inquiries in order to learn about these concepts, but one can chose                  
in which order and whether to do all lesson plans or not. So it is more a path of ​knowledge                    
on demand​. 
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Figure 17​. Example of iMuSciCA open inquiry scenario  
‘​design an instrument playing natural tones’​.  

So, you can use the workbench and walk ‘your own way’ through the iMuSciCA scenarios. In                
this sense iMuSciCA is quite fostering open inquiry because open inquiry is all about giving               
the right support at the right time. Because don’t forget according to educational research,              
open inquiries only work if the teacher can appropriately scaffold students ​[Kirschner et al.,              
2006] 

In the pedagogical guide that goes with these open scenarios the teacher will find some               
suggestions on different paths that could scaffold these open inquiries. 

ĀÎ ! k¥ff ©¦f zk ¨mf n>©Lbn*! ¯z¥uafxbm 

In this third case (activities without pathway) one can use the default workbench available at               
http://platform.imuscica.eu/workbench.html and freely use the iMuSciCA tools. This can be          
done by the students themselves or teachers can give some open tasks to students. In such                
open tasks students have to ‘look around’ on the workbench in order to answer questions               
and  perform tasks. 

 

Figure 18​. The iMuSciCA workbench with the 3D musical instrument design: Students can use this 
environment freely to inquire about designing their own instrument. 

4.4. Fosters collaborative and co-creative learning 
Every iMuSciCA scenario and lesson is structured around small group activities that fosters active              
learning: it engages students from different perspectives (and the teacher more in a role of               
facilitator). Therefore teaching and learning is a shared experience. So it is easy for students to                
contribute to group activities: some of them can help performing music, another one can conduct an                
instrument, a third one can built some simple instruments or just experiment on the virtual design                
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environment. So it is here also the interdisciplinary character of iMuSciCA that fosters active              
collaborative and co-creative learning more than is the case in single subject teaching (See also               
section 2.4 and 2.5 on how iMuSciCa’s is bringing collaborative learning and 21st century skills               
effectively into the classroom.) 

After a series of inquiries the iMuSciCA methodology asks students to reflect and communicate on               
their findings and share their thoughts with the rest of the group and with the teacher. That’s the                  
point where the collaborative learning is shared from the particular student group with the rest of                
the class. You will find in the pedagogical guide scenarios IBSE phases like ‘Communicate & Reflect’                
where the students have to step back and think about their findings, inquiries, thoughts etc. By                
communicating their findings they will get reflections and questions from other groups (21st century              
skills) and if that is not enough, the teacher may still play a role in scaffolding this. So here new roles                     
come in, like ‘reporter of the findings’, organiser… etc. It might be important to change roles after a                  
while so that every student gets acquainted with different aspects of the inquiry process and the                
work in small groups. 

 

Figure 19​. iMuSciCA’s interdisciplinary collaborative and inquiry learning in action in an class 
(an iMuSciCA pilot class in the Agnetencollege, Peer, Belgium) 

Example of a small group inquiry activity 

This example belongs to the iMuSciCA scenario ‘The sources of sound’. The scenario is full of                
inquiries in different worlds: the musical one, the scientific one and the engineering world. It ends                
with an activity in the musical world where they have to build and play with a bottle organ                  
(tinkering!). Typically all these activities are done in small groups.  

You will also find activities where students, after some inquiries, have to perform a ‘Communicate               
and Reflect’ phase.  
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   Can sound  
propagate in  
the vacuum? 

 

Observation 

You hear the   
sound less and   
less hard while   
pumping and  
creating the  
vacuum. 

 

Conclusion: 

Sound cannot  
propagate in  
the vacuum  
because there  
are no air   
particles. 
Therefore no  
pressure wave  
can originate. 

Lvndf þāÍ  

 

Experiment: 
Place a speaker or    
an alarm in a    
vacuum sealed  
container and use   
a pump to create    
the vacuum inside   
the container. Let   
the speaker/alarm  
make sound.  

 

Alternative: 

In case you don’t    
have the right   
material, you can   
watch this video:   
https://www.youtu
be.com/watch?v=o
Y_9hKdTG8o&feat
ure=youtu.be  

 

 Analyse 
Communi- 
cate Reflect 

S What did you   

discover? 

Discuss and  

come to  

conclusions.  

1. What is always the actual source of a sound, in what does it             

originate? 

2. What vibrates in the 4 different families of instruments? 

3. Is it necessary that the vibrating medium is elastic? Why? 

4. Through what does the sound propagate until your ear?  

5. What this has to do with waves? 

6. In a sound wave: do the air particles really move? Or are they             

just compressed and decompressed? 

 

 

During this ‘contact   

moment’ the pupils   

reflect on what   

they learned. They   

present their  

conclusions to the   

teacher and the   

other pupils by   

answering to  

questions of the   

teacher (see  

questions in the   

central column as   

an example).  

 Create 

Design 

E/M Build a simple   
idiophone 
(with a bottle   
filled with  
water), 
aerophone 
(with a bottle   
filled with  
water), 
chordophone 
(a box with a    
rubber band)  
and a  
membranopho
ne (a box with    
a balloon  
wrapped 
around the  
top) 

Lvndf þĂÍ Students 

experience what  

they have learned   

about the sources   

of sound in a real     

musical-praxis 

environment. 

 

Suggestions: 

You can build the    

bottle as idiophone   

by partially filling   

the bottle with   

water: hit then the    

 
 iMuSciCA D2.4 – Intermediate Pedagogical framework and iMuSciCA use cases by learners and teachers          Page 29 of 60 

 

https://www.youtube.com/watch?v=oY_9hKdTG8o&feature=youtu.be
https://www.youtube.com/watch?v=oY_9hKdTG8o&feature=youtu.be
https://www.youtube.com/watch?v=oY_9hKdTG8o&feature=youtu.be
https://www.youtube.com/watch?v=oY_9hKdTG8o&feature=youtu.be


 

 

bottle with a stick    

to make sound.  

You can build a    

bottle as  

aerophone by  

filling it partially   

with water: blow   

then in the bottle    

to obtain sound. 

  

2 Create 
Design 

M Build a bottle   
organ and play   
with it. 

 

 

Lvndf þăÍ 

 

Suggestion:  

when looking for   
the tones, it is    
useful to have a    
pupil which follows   
a music course in    
each group,  
whenever possible.  

 

 

Figure 20​. Here you see excerpts out of the scenario ‘The sources of sound’. The scenario is 
full of small group inquiries in different worlds. 

 

You see in this scenario how ​tinkering ​is also involved: built your own simple instrument, built your                 
own bottle organ. STEM-rich tinkering activities are designed to support ​nx¨f¥dn¦bn¢vnxY¥±           
investigations and creativity because they are using a STEM-rich palette of tools, concepts, and              
phenomena (See Section 2, [Honey & Kanter, 2013 ; Martinez & Stager, 2013]) 

In these tinkering challenges a lot of collaborative skills and insights are requested.  

4.5. Addresses 21st century skills 
By using the context of music, iMuSciCA makes learning STEM-content relevant. In a classical model               
of education, teachers transmit factual knowledge to students via lectures and textbooks, which are              
bound to a certain subject matter like mathematics, physics, etc.  
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In the iMuSciCA learning environment on the other hand, students go smoothly over from one field                
to another, real and virtual experiments are performed, instruments can be designed or played with,               
and by doing so, students practice transferring skills and knowledge to different fields and contexts               
in a very natural way. iMuSciCA students learn to work collaboratively to gain insights and skills into                 
new and different contexts, to be creative and solve new problems. The iMuSciCA pedagogy and               
environment make it easier for new insights to emerge from the different activities in the different                
contexts, each context contributing to the construction of one facet of a new insight or skill in one                  
particular field. But this gain in one field is directly connected to gain of skills and insights in another                   
field. This is what 21st century skills are all about (See also section 2.5). 

In all of iMuSciCA scenarios you will find many instances where 21st century skills like creativity,                
initiative and collaboration are at stake and typical for iMuSciCA this is done ​¨m¥z©lm dnkkf¥fx¨               
¦©atfb¨ wY¨¨f¥ knfvd¦ ​(and not separately like in standard approach). iMuSciCA’s pedagogy is             
therefore in line with the ‘9 lessons’ for a pedagogy that addresses 21st-century learning [Saavedra               
& Opfer, 2012]. See section 2.5 for more explanation.  

Example 1 on how iMuSciCA works on transfer between different fields. Example            
of iMuSciCA scenario ‘Let's hear Thales theorem’. 

 

Figure 20​. Here you see excerpts out of the scenario ‘Let’s hear Thales theorem’ where a 
concept out of mathematics (Thales theorem) is connected to musical proportions and 

intervals (octave, fifth, fourth, third…) on the one hand and to the engineering 3D design 
tool on the other. 

Example 2 on how iMuSciCA works on transfer between different fields. Here            
transfer is illustrated between concepts of science and creativeness in the musical            
world (Example taken from scenario 1 Lesson 2: Sound and Tone) 
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