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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 . VIp Y 6xi Yy 1=0Lbr* !
¢fdYlzIbYy kYwT z¥u Yxd 1=0OLbn* Y O}f bY !} at vFY¥xT¥! 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 . VIA ¥ fxi 1Yy
.dObY nzxYyv jbfxY¥z} Yxd vF}izx ¢vYx] kz¥ n=0OLbi*!) and into the iMuSciCA workbench (see also
deliverable L AlA Y 6xrnYv , fwzx ! ¥Y z¥! zko=>0Lbi* ! — z¥uafxbm “zzwi™!).

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

iMuSciCA’s innovative interdisciplinary pedagogy

iMuSciCA’s new Inquiry Learning across STEAM fields

iMuSciCA’s three stages: from guided towards open inquiry (like in the real STEAM-world)
Collaborative and co-creative learning: in different fields, each fostering the other

21st century skills: across different STEAM-fields

CAREEE o

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 X f¥dnjbn¢inxY¥t 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.
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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
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document hold any sort of responsibility that might occur as a result of using its content.
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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 L VIA ¥ 6xi1Yy .dObY 1zxYy IbfxY¥iz! Yxd vF!lzx
CvYx! kz¥1=0Lbr* 1.

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.

Sclence /Maths  £og il nos il Call LTI 1'd

Sonification of mathematical equations and geometric curves
B - 7O > 8 %

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

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:

CAREEE o

iMuSciCA’s innovative interdisciplinary pedagogy

iMuSciCA’s new Inquiry Learning across STEAM fields

iMuSciCA’s three stages: from guided towards open inquiry (like in real STEAM-world)
Collaborative and co-creative learning: in different fields, each fostering the other.
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.

iMuSciCA

at the intersection of science and arts

2

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 Al Yxd Yv!z nx Y¢¢fxdn® pE 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 dfjnllx Yx z X wO}bYy nx} ¥owfx" aY|fd zx ‘mf xY ©O¥Yy
“zxf.

Typically a scenario gives a general framework for the treated concepts, like for example the sample
scenario we describe under section A: 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 X F¥dnibi¢wxY¥t 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 iIMuSciCA 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).

\7 ‘ iMuSciCA now brings inquiry learning into classroom

but across disciplines 1x 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:

Engage

Imagine

Create

Analyse

Communicate and reflect

vk wnN e

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+l 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} ~ fw Y} "z "mf
bzxxfbnzx; af” ffx "mf kifvd]. 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 bzxxfh"} traditional inquiry phases across disciplines.

Creation ix =>0}1b

To dfinlx 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 1x Lbifxbfi=Y mFwY nb"

In the world of science and mathematics b¥fY"1zx is linked to nx®F} 11Y"1zXx 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
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instrument and a musical composition.

Creation in Mfomxzvz 14V . x InxFfR¥ax |

In the world of technology and engineering, as in that of music, we can rather speak about
dfinlxnxl and aGndixl something as a result of the creative process, instead of x@F] 1Y " nx1
to understand.

Engineering Ead il noo el Pl ORI 1i4

3D Musical Instrument Design

ez L ¢

MONOCHORD MEMBRANE XYLOPHONE
0O STRING 1

O STRING 2

SAVE

Leopoly_v3.1.2-28-g30d327754
fps: 51 (19.43 ms)
#tris: 9204

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 Ato 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. LYIFpi 4ondfd txa@mt Y1 Y 11X ¥zdOb 1zx “z nxaOnk vFY¥xax 1 Yb¥z!! kifid !

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”.

What are the possible stationary waves on the violin?

What happens to the wavelength of the higher

harmonics?
Wavelength becomes longer ‘\) c
Wavelength becomes shorter
Wavelength doesn't change ..(.

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. LY If i n=0Lbr* 1! 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.

Music Ead Ladl moo il ol LOR D4

Tones Synthesizer

03 ‘r\ “f
- "\ A \ I A / \ /
N\ \ \ / L
[ \f &, | —" /\ ! v
\ / WHlLY;
\ v / N =
05 / \ /
v \ /
4
05 o oo 00 00 0 0.01 002 0.03 0.04 0.05
I & g 2P &
Play all | [ stopall
U 0.3 sin(2*pi*es2 ) 1) ~ ~ _Play |_Stop | Show
9 0.3 sin(2*pi*ss5 ) 1) ~ ~ _Play | stop | Show
N 0.3 sin(2*pi*153.2 ) ) - v _Play | Stop | Show
() sl

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
X F¥dnj bn¢nxY¥+ 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¥dnjn¢nxY¥t “FYw]) and
shared as well between students and the teachers. In case of iMuSciCA teachers we talk about them
X CVO¥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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Create a melody with this tool by drawing
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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
Collaboration and leadership
Agility and adaptability
Initiative and entrepreneurialism
Effective oral and written communication
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.

oA WwWN

[Saavedra & Opfer, 2012] distinguish following ‘9 lessons’ kz¥ Y ¢fdY 1zl “mY" Ydd¥F! ! F! ypl VbFx O¥
vEY¥xx
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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.

R L) bt e Pal SR PV S R AT

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 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.

The sources of sound and music

For each instrument drag the
correct number in the orange disc.

Click on ») and listen to the sounds.

) °

¢
w) a “—H‘
v) e ps““‘“"’ﬁ

- @ ">

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.

£Q ¥
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In the p
column.

edagogical guide scenarios meant for the teachers, the IBSE phase is indicated in a separate

[Create

Figure

4.3.

IS, E n [Thales’ theorem in [Teacher introduces the idea of

pichords A kransforming students’ segments into y %
Etrings (uniform scaling is introduced at / -
khe teacher’s discretion) v/

Ftudents apply measurements of segments
s string lengths into a bichord.

image 6 LEOPOLY environment is used to produce the different
ktring lengths. Multiple computers may be used to produce all strings

tudents use LEOPOLY environment to produce different string
lengths. At this stage two computers may be used. Their
[corresponding String-lengths may be adjusted to agree with each
other.

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

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.

pl

1=OLbn* 1D} 1Ondfd 6xaOn¥t [bFxY¥z,:

One can just open a template iMuSciCA lesson plan (see also L AIA ¥ bxi 1Yy ., Fovzx ! ¥y z¥! zk
1=0OLbn* ! _ z¥uafxbm “zzwun}). 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 . &IV { 6x fw
¥ez¥ zx FYbmP4! kfFfdaYbu Yxd ¢z "1 oxd ax tbmzzyt §1V*+bvfi)
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How can you produce different tones on a flute? ./j
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? @

. <>

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.

Bo

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.

yl n=0OLbr* 19! open inquiry scenariosi

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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Starting point:
Design an instrument that you can play using natural tones

{t
o 2.1: Row of Natural Tones
!
\—1.2: What is tone?@_‘\D

‘/\ 1.1: Sources of Sound

\_"7 2.2: Resonances

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.

—_—

1 KYFFOLF zk "'mfF n=0Lbn* ! ~ 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.

Engineering Ead i pol el Padl (SR DV4

3D Musical Instrument Design

e O ¢

MONOCHORD MEMBRANE XYLOPHONE
O STRING 1

O STRING 2

SAVE

Leopoly_v3.1.2-28-g30d327754
fps:51(19.43 ms)
#tris: 9204

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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Design

(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
top)

the

Can sound | Lyndf pa| Experiment:
propagate in Place a speaker or
the vacuum? an alarm in a
vacuum sealed
container and use
a pump to create
Observation the vacuum inside
the container. Let
You hear the the speaker/alarm
sound less and make sound.
less hard while
pumping and
creating the
vacuum. Alternative:
In case you don’t
have the right
Conclusion: material, you can
watch this video:
Sound cannot https://www.youtu
propagate in be.com/watch?v=0
the  vacuum Y 9hKdTG8o&feat
because there ure=youtu.be
are no air
particles.
Therefore no
pressure wave
can originate.
é‘;‘:ﬁ"r’;zm’ S What did you 1. What is always the actual source of a sound, in what does it | During this ‘contact
cate Reflect discover? originate? moment’ the pupils
Discuss  and 2. What vibrates in the 4 different families of instruments? reflect on what
come to ) ) ] ) ) ) they learned. They
conclusions. 3. Isit necessary that the vibrating medium is elastic? Why? present their
4. Through what does the sound propagate until your ear? conclusions to the
5.  What this has to do with waves? teacher and the
6. In a sound wave: do the air particles really move? Or are they | other pupils by
. answering to
just compressed and decompressed? )
questions of the
teacher (see
questions in the
central column as
an example).
Create E/M | Build a simple | |ndf pAi Students
idiophone 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
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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

Build a bottle
organ and play
with it.

Lindf pai

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¥dnjbn¢wmxY¥+
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¥zOIm dnkkf¥Fx"
10atfh” wY ¥ kifvd} (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’.

Engage 5 [l [Thales’ theorem [Teacher recalls the Thales Theorem and
psks students to study the division of their
own string lengths in 3, 4 and 5 parts.

[They express each segment in terms of

proportions. They measure the lengths of
each segment according to these
proportions. Results appear on table.

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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