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Introduction

The problems that humanity meets need a holistic approach that cannot be faced by
“isolated” disciplines or by stereotype methodologies based on traditional cognitive
areas (National Academy of Engineering, 2016; Bryan & Guzey, 2016).

And

(Schleicher, 2019, The OECD Learning Compass
20https://www.oecd.org/education/2030-project/teaching-and-learning/learning/30).
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Introduction-STEAM Competencies

Exploring STEM Competences for the 21st Century- Boon Ng Soo, 2019, UNESCO, Exploring STEM
competences for the 21st century, https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-
for-the-21st-century,2019). New Teaching approaches-Inquiry and Engineering Design(Apedoe et al .2008)
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Introduction-STEAM Competencies

OECD FUTURE OF EDUCATION AND SKILLS 2030 OECD Learning Compass 2030 A SERIES OF

CONCEPT NOTES
https://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-compass-
2030/OECD Learning Compass 2030 Concept Note Series.pdf

Figure 2. The race between technology and education
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«A Conceptual Framework for Computatonal STEAM Integraton.
Crosscutng Concepts, Threshold Concepts, Border Objects and their
propagaton in STEM integrational fusion»

Professor Sarantos Psycharis

Box 1. Examples of new and emerging johs
Oecupation Description Examples of skills ~ Examples of Example of attitudes
knowledge and values
Robolics Ressarch, design, develop or test robotic Critical thinking, Enginearing and Exploration,
anginaars applications complax problem tachnalogy. rabotics, prescizion,
solving, quality- design observation
conlral analys:s
Bicstatsticans  Dewelop and apply biostatistical theory and Inductive reasoring.  Mathematics, English Progactprogramme
mithods io the study of life sciences ofal expression, language, education managerment,
mathematical and training expcution,
raasoning inguisativaness
Fuel-call Design, evaluale, modfy or construet fual- Judgemeni and Physics, mathernatics,  Focus, reliability,
enginears cell cormponants or systams for decision making, chamestry faadback
fransportation, stationary or portable writing, critical
applications thiniking
Solar sales Contact new of existing customars o Active Estaning, Sales and marketing, Accountability, focus,
representatives  dedesmine their solar equipment needs, persuasion social enginearing and results onentation
and assessors  sugpest syslams or aquipment or esimals percapbivenass tachnology, customer
cosls and personal sarice
Vidao garme Design core features of video games; specify  Programming, Design, Inquisitivensss
designers nnovative game and robe-play machanics, critical thinking, communications and playfulness, passion
story lines, and character biographies; create  complex problem madia, psychology
and maintain design docurnentation; guide solving
and collaborate with production staff lo
produce games as designad
Sowrce: O*NET (www.onetonline.org/findbright?Th=3& g=Go) in (Berger and Frey, 2015014)
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Introduction

There are various different interpretations and suggestions of “STEAM education and
STEAM integration” and numerous references indicate that STEAM education has
been defined in different frameworks ranging from disciplinary to transdisciplinary
approaches (English, 2016),

indicating the need to articulate and delineate

» what we mean by STEAM integration,

 the type of STEAM epistemology,

 the evaluation in STEAM integration,

 the type of expected learning outcomes,

 the connection of STEAM integration with Computational Thinking practices etc.
» The dual relationship between Arts and STEM disciplines



Introduction

In order to delineate the concept of “STEAM integration” we have to proceed to

issues related to Computational Thinking, Computational Science and the
epistemologies of the disciplines included in the acronym of STEAM.



Computational Thinking

W "here is no consensus for the practices-dimensions of CT —Operational Definition

http://www.bbc.co.uk/education/quides/zp92mp3/revision
(Cansu & Cansu,2019)

The common dimensions
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Computational Thinking-Computing —

Computational problem and Computational

e .|
Weintrop et al. (2016) proposed a model for CT and Science Education based on
Computational Models and Computational Problems in the form of a taxonomy

consisting of four main categories:

 (ata practices,

» modelling and simulation practices,

« computational problem-solving practices
 systems thinking practices.
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Computing —Computational

Science

29 ¢¢

In research papers computing”, “computation” and “computational”.

are used being similarly while in some others they are differentiated (implicitly or
explicitly) (Psycharis, 2018a, b;Psycharis, 2021).
COMPUTATIONAL PROBLEM SOLVING

Data
Practices

Modeling &
Simulation
Practices

Computational
Problem Solving
Practices

da.l Collecting Data

da.2 Creating Data

da.2 Manipulating Data
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da.5 Visualizing Data
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ps.2 Programming
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ms.4 Designing
Computational Models
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Computational Solutions
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Thinking
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System as a Whole

st.2 Understanding the
Relationships within a System

5t.3 Thinking in Levels

st.4 Communicating
Infarmation about a System

st.5 Defining Systems and
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Computing —Computational
Science

Computing is the field that encompasses computer science, computer engineering,
communications, information science and information technology-computing is the
“automation of our abstractions”.

01 Siaotaosi tou Computing cupdwva e tov Chande [2015).

Wing (2008)

Computing and Engineering-
How we can engage students
in collection of real data and
optimization processes?

Computation
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Computational Science

Computational Science (C.S.) “Is the integration of Mathematics, Computer Science and any
other discipline to explore authentic-complex problems bringing together concepts from a variety
of cognitive subjects” (Landau et al., 2008) while is considered to be part of the Computational
Science-Engineering community (Psycharis, 2015).

Computational Science - a renaissance in experimental approaches
Wolfram (2002) proclaimed the emergence of a new kind of science based on computational
experiments into emergent patterns in nature, arguing such explorations are not possible without
computation.
Yasar et al. (2016), “computational pedagogy is an inherent outcome of computing, math, science
and technology integration, and this view is close to our consideration”.
FROM TPACK to CPACK...Through Computational Models (using
Models and Abstractions)

d Anpoupyia adaipeong

Duokds-
TPAYHATIKOG
KOOpOg

K / YE obpe [
/v

Autopartonoinon nttp s/ www.rnetrd .Qov,

MaBnpariké
Movtélo




Computing —Computational
Science

The added value of Computational Science (C.S.) From Virtual to Real
Experiments-Computational Experiments

Juszczak (2015):Epistemology of Computational Science-is “applicable” to both natural and
social sciences and Computational Science is different than the usage of computers to analyze
complex systems and data sets.

«Computational Science is a non-empirical science-data collected in Computational Science is
the result of simulations and virtual experiments while there is a key distinction between a true
computational science and a science that uses computation- this distinction is based on the
nature of evidence: “traditional science and science experimentation use computation to assist in
the analytic and experimental process and empirical evidence” ,

*While...... in Computational Science the experiments are virtual BUT the data are real,
making the computational experiment equivalent to the usual experiment on the laboratory. “On
the other hand, computational experiments attempt to use data about the real world in order to
conduct real experiments in a virtual universe”.




Computational Thinking-Computing —

Computational problem and Computational

L_earning
e .|

Computational Science and Computational Thinking are related

Bienkowski et al. (2015): “ projects with an orientation to computational science
tend to emphasize data, modeling, and systems thinking.

Comment: strong linkage between Computational Science and Computational
Thinking

Aho also (2012): defined CT as the thought processes involved in formulating
problems so their solutions can be represented as computational steps and

algorithms.
Comment: From these studies it is obvious that Computational Science includes at
least some of the dimensions/skills of CT

Aho, A. V. (2012). Computation and computational thinking. Computer Journal, 55(7):832 — 835.

Bienkowski, M., Snow, E., Rutstein, D. W., & Grover, S. (2015). Assessment design patterns for computation-al thinking practices in secondary computer
science: A first look (SRI technical report). Menlo Park, CA: SRI International.



Core and Transverse Concepts, Threshold

Concepts and Boundary Objects

* (NRC, 2012) “science education in grades K-12 should be built around three major
dimensions: science and engineering practices, crosscutting concepts that unify the study of
science and engineering through their common application across fields, and core ideas in the
major disciplines of natural science”.

» NGSS (2013): the crosscutting concepts are extensively presented and described, and include:
1. Patterns 2. Cause and Effect 3. Scale, Proportion, and Quantity 4. Systems and System Models
5. Energy and Matter in Systems 6. Structure and Function 7. Stability and Change of Systems.

» Every discipline is based on the core disciplinary concepts, but- among them the threshold
concepts- play a crucial role in teaching and learning(Psycharis & Kalovrektis,2021).Threshold
Concepts (TCs) are of particular interest to Science and STEM education, representing a
“transformed way of understanding, or interpreting or viewing something without which the
learner cannot progress.”(Psycharis, 2016)



Transverse/Crosscutting concepts

Core Disciplinary Concepts

NRC (2012) oL emtd €YKAPOLEG/ SLEMLOTNUOVIKEG/ ETMUKOAUTITOMEVEG EVVOLEG YLaL TLG ETloTrLEG Ka TV Mok, eivat ot :

1) MortiBa/patterns

2) Atla-amotéAeopa: UNXAVIOUOG KaL €€Aynon

3) KAlpakeg, avahoylieg kal TooOTNTEC

4) TUOTAUATO KAL CUCTAUATA LOVTEAWY

5) Evépyela kot UAN: po€g, kUKAoL Kal Slatrpnon

6) Aopn Kal Aettoupyia

7) ZotaBepdtnTa Kot aAAayn

Eikéva: ol eyKApOIEG/BIETTIOTNHOVIKEG EVVOIEG



Core and Transverse Concepts, Threshold

Concepts and Boundary Objects

*“Not all of the disciplinary core concepts are threshold concepts.
Identifying which disciplinary concepts are threshold concepts can help to
include them in the crosscutting concepts and this is our idea

Meyer & Land (2003):

“Threshold concepts are transformative (occasionally triggering a
significant shift in the perception of a subject), probably irreversible
(unlikely to be forgotten), integrative ( learners perceive previously hidden
relationships), troublesome (threshold concepts embody knowledge that is
troublesome for learners to grasp, knowledge of these is counter-intuitive,
and cannot be easily integrated with the learner s current mental schema)
and often disciplinarily “bounded” (a threshold concept will probably
delineate a particular conceptual space, serving a specific and limited
purpose”.



Core and Transverse Concepts, Threshold

Concepts and Boundary Objects

» One of the issues raised for inclusion and determination in STEAM integration
includes the concept of boundary objects (Star,1988; Star, 2010; Star & Griesemer,
1989). Boundary/crossing objects are concepts used to analyze the ways in which
experts in multiple fields interact (Engestrom et al., 1995; Polman & Hope,
2014)”(Psycharis & Kalovrektis,2021).

*Boundary objects are inevitable as: “Disciplines do not have cores or essences, but
rather histories of inscription practices and procedures within cultural contexts for
pure and applied ends " (Tytler et al.,2019)

*(Leung,2020), the difficulty to conceptualize STEM integration comes from the
obstacles we face when trying to cross between isolated disciplinary disciplines and
“there are pedagogical content knowledge boundaries that need to be crossed as
each STEM discipline has its own epistemic practices that cannot be changed
easily”.



Boundary Objects and STEAM
Integration

Leung (2020)

“Learning as production of practices creates knowledge boundaries. A key concept to address the
complexity of the integrated STEM pedagogy phenomenon is boundary crossing among different
knowledge domains. Mediating objects are needed to bridge the disciplines™.

Author...We consider that boundary objects are not “static” in STEAM integration and their
propagation through the STEAM disciplines determine their effectiveness. .

Situated Learning Technology

/

Problem Solving
Processes

Science

Boundary Crossing

Boundary Objects

Communities

A Mathematics

of Practice




Epistemology of STEAM

Disciplines-Technology

Kroes & Van de Poel (2009):
1) technology as process (activity)-and 2) technology as product (object)

“Engineering content emerges from the intersection of science, mathematics, and
necessity comprising a collection of tools, which engineers can use to design solutions
to specific problems based on criteria and constraints” (Shirey, 2017).



STEAM Integration

STEAM Integration Instructional Strategies-1

There 1s no consensus of the meaning “Integrated STEM”
“In a broad sense, it can refer to either the sum of the individual disciplines
involved in STEM or an interdisciplinary approach to STEM education that
emphasizes the connections across disciplines”(Gao et al,2020).

Different approaches to STEAM integration depend on the
definitions of mono-disciplinarity, multi-disciplinarity, interdisciplinarity and
transdisciplinarity and how these discipline integrations are diffused in the
epistemologies of the disciplines included in the STEM acronym.



STEAM Integration

STEAM Integration Instructional Strategies-2

Sia-emioTnpovt

Some definitions for Interdisciplinary and
Transdisciplinary — approaches

(Interdisciplinarity)

NoAuvdidotarn
npooéyyion

Antola et al. (2013) in Interdisciplinary we transfer methods from
one discipline to another to address a problem and in =
Transdisciplinary new approaches are created and integrated

while considering complex social issues”.
(Vasquez et al., 2013; EninSh, 2016) prOVide definitions f&llcg;'u:Igsm’:rs&uoloxﬁ.ﬁpmcngmmavﬁmotmsnw‘rqpolwiu(\"asquezeta].,
of the different types of integration as increasing levels of integration:

Interdisciplinary: Closely linked concepts and skills are learned from two or more
disciplines with the aim of deepening knowledge and skills.

Transdisciplinary Knowledge and skills learned from two or more disciplines are

applied to real-world problems and projects, thus helping to shape the learning
experience.

iné



STEAM Integration

STEAM Integration Instructional Strategies-3

Some definitions for Interdisciplinary and Transdisciplinary
approaches
(OECD: OECD Future of Education and Skills 2030-Conceptual learning framework-
https://www.oecd.org/education/2030-project/teaching-and-
learning/learning/knowledge/Knowledge_for 2030 _concept_note.pdf) -in terms of integration of
interdisciplinary mode of integration into curricula, as:

” interdisciplinary knowledge can be integrated into curricula by transferring key concepts,
identifying connectedness, through thematic learning; by combining related subjects or creating a
new subject; and by supporting project-based learning”.



STEAM Integration

STEAM Integration Instructional Strategies-4

Some definitions for Interdisciplinary and Transdisciplinary ~ approaches

Our approach is close to that of UNESCO by considering that interdisciplinarity is implemented by
using as a “nucleus” concept ,one of the transverse concepts and making connections with core
disciplinary concepts in different disciplines in the framework of one curricular activity in
alignment with the STEM content approach (Bryan et al.,2015).

Our approach for STEAM integration is based on interdisciplinarity as

“a fusion of the four disciplines of Science, Technology, Mathematics and Engineering, where the
focus of learning is not the individual discipline in itself, but on solving real-world problems” (Boon
Ng, S00,UNESCO, Exploring STEM competences where the focus is on a shared concept from the
crosscutting concepts for the 21st century,
https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-for-the-21st-century,
2019).
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STEAM Integration Instructional Strategies-5
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STEAM Integration

STEAM Integration Instructional Strategies-6

Bryan et al 2015

proposed two models of STEM integration:
content integration and context integration.

“Content integration focuses on the merging of the content fields into a
single curricular activity or unit to highlight “big ideas” from multiple
content areas”.



STEAM Integration

STEAM Integration Instructional Strategies-7

We should state that we use the term “STEAM integration” to refer to a
model....

The integrators.... :

the scientific and engineering practices
the threshold -disciplinary concepts
the crosscutting concepts

where time dependent boundary objects are used as tools through the
implementation of computational models in order to solve an authentic problem.



STEAM Integration

STEAM Integration Instructional Strategies-8

In this approach, identified threshold (disciplinary) concepts -appeared as
discontinuities in the cognitive part as well as at the practices of students-

Our suggestion is to start with a single curricular activity based on the
transversal concepts and include the threshold -disciplinary-concepts as
the “common’ concepts.

Computational Science and computational thinking should be employed
to collect real data as a real experiment, applying the scientific and
engineering dimensions and CT.



Space and Time in STEAM

STEM is promoted as an alternative to teaching without a focus on
separate disciplines and this approach is often depicted by spatial,
Venn diagrams where STEM is a cross disciplinary endeavour
(Tytler et al.,2019)



Space and Time in STEAM
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Figure. “Relations between disciplines conceived of in spatial terms (Samuels 2009
reproduced in Beauchamp and Beauchamp 2012)"(Tytler et al..2019)



Space and Time in STEAM

(Tytlet et al.,2019): disciplinary interactions are envisaged for ‘trans-
disciplinarity’ as creating new meta-knowledge that transcends the separate
knowledges of the interacting disciplines( Beauchamp& Beauchamp ,2012).

Tytlet et al(2019) consider that “ trans-disciplinarity leads to new knowledge
stemming from ‘he interaction of diverse people within an entirely new group’,
rather than the sharing of individual knowledge by experts as in multi-
disciplinarity, or the creation of knowledge ‘at the intersection of established
disciplines’ as in interdisciplinarity, where ‘interdisciplinary’ is defined as the

circumstance of combining two or more disciplines .



Space and Time in STEAM

These pictures are spatial and they do not analyze the types of interaction or the
propagation of concepts with common characteristics. In our framework, in the
STEM content approach, the “nucleus” is one or more transversal concepts

but

inside this transversal concepts the “common concepts” in each separate
discipline somehow interact, and thus a temporal dimension is necessary to
describe this propagation.

These intermediate agents are important in order to describe the time evolution
of the propagation between the disciplines and discover their transformative
effect.



The “A “in STEAM

As in the case of STEM there are plenty definitions of the STEAM and limited research for the inclusion
of “A” in STEAM as well as on the learning outcomes related to creativity, problem-solving, and arts
education(Perignat & Katz-Buonincontro, 2019).

There is also a confusion about the consideration of “A” in STEAM. Some researchers consider that “A”
represents “Arts Education” specific to visual arts like painting, design etc while others refer to “Arts

Education” and extend “A” to include visual and performing, i.e. dance (Perignat & Katz-Buonincontro,
2019).

Arts improves not only creativity and innovation but they can “enhance students spatial reasoning,
abstract thinking, divergent thinking, creative self-efficacy, openness to experience, and curiosity
“(Swaminathan & Schellenberg, Perignat & Katz-Buonincontro, 2019).

Research indicates that combining Arts with the disciplines in STEM, new artefacts can be developed
that cross the disciplines( Bequette & Bequette,2012), while it is more effective to consider the artifact
connected to Art as an end goal, and not just an entryway to the core disciplinary concepts included in
the STEM disciplines.



The “A “in STEAM

https://el.wikipedia.org/wiki/%CE%A6%CE%B9%CE%AC%CE%BB%CE%B7_%CF%84%CE%BF%CF%85_%CE%9A%CE%BB%CE%AC%CE%B9%C(

N

]
(
(
(
(
Klein Bottle :
(
(
(
(



The “A “in STEAM

https://www.snibbe.com/digital-art#/projects/interactive/boundaryfunctions/

\Voronoi Diagrams in Humanities

Ewxova: Tree-Structure Canoov in Frankfurt. (Photocranhv bv Eibe Sonnecken).



Assessment in Integrated STEAM
The theoretical framework

Assessment dimensions

Relate Assessment with the STEAM Integration

The type of knowledge but also the skills and the practices is a function of the type
of integration (Gao et al.,2020).

Gao,X., L1,P., Shen, J.,& Sun,H.(2020), “Reviewing Assessment of Student Learning in
Interdisciplinary STEM Education,” Int. J. STEM Educ., vol. 7, no. 1, pp. 1-14



Assessment in Integrated STEAM
The theoretical framework
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Indicative Examples

To mpopinua ¢ I'karepl Téyvns- «The Art Gallery Problem»(
https://wild.maths.org/art-gallery-problem)

To npoPAnpa avtd mpotddnke To 1973 amd tov Mabnpoatikd Victor Klee wot to 1978 ,0 MaOnpatwkds S. Fisk £dwoe pia modv
€AKVOTIKT AVoN.

To wpoPinpa tepropPdvel moAAEG dlaoTdoelg TG Y TOAOYIGTIKNG OKEYNGS, 0&LOTTOLEITAL O GYESOGOC TNG MNyaviKhg Kot ot
EYKAPOIEG 10€€C eV pmopel va ypnoyomomBet yia tv vAomoinon oe oyolkd eninedo tov Internet of Things pe alomoinon
Kol TG TAateopuag Arduino.

"Eoctm 011 60¢ divetal To TopaKdT® Gynio Tov £xet po YKadept T€yvng 1 onoio TePLEYEL aveKTiUnTG 0&iog TepleyOUeva Kot
T 0ol TPEMEL VoL TPOSTATELOOVV ATTd PPOVPOVS 01 OTOTOL TPEMEL VOL EXOVV GLVOAKE [itol TANPT ekOva TG YKoAepi. To

epOTNUA Elvar TOGOVG PPOVPOVS YPELLONACTE. , .
Eykdpotleg/AlemiotnovikeG EVVOLEG :
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Indicative Examples

To npoPinua g I'karept Téyvnc- «The Art Gallery Problem»(
https://wild.maths.org/art-gallery-problem)

H emtvuyio tov Fisk fitav va petaoynuotiost to TpdpAnua e Eva TpdPAnua ypoOUATOV O EENG.

Ag Barovpe xp®UATO OTIG KOPLOES(TPIL OLUPOPETIKA YPDOLOTA) LLE TETOL0 TPOTO MGTE 6€ KABE Tplywvo va unv

VILAPYOVV SVO 1010, YPOUATO. XTT CUVEXELD. , EMAEETE Eva, XPOUA, TT.Y TO KOKKIVO, KOl GUUTANPOGCTE [LE YPDOUATO
TIG GAAEG KOPLOES. Oa mapatnprioete Ot xpetdlesde 3 ppovpoH(3 KOKKIVEC KOPLPEC).
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Indicative Examples

Y.M0TE TOVS MLYKOVivovg. H d1dackaiio tne petagopds Bepudtnrog pe a&lomoinon
TOV GYEOLOG OV TS M1yavikng og cevapio «Integrated STEAM»y. To mpoPfinua mov
Ti0eTO 6TOVC EKTAOEVOUEVOVC-UETE TNV EIGAY®YN Y1 TO OEUA TNG KALLOTIKNG
aAlAoync- etval o e&ng:

O£EAOVE VO KOTACKEVAGOVLE GTITAKLO Y10l TOVG TIYKOVIVOUS (OGTE VO TOVG
TPOGTATEVOLLE OO TNV avénomn g Oeppokpaciog.

Avantoén mbovig/mboavav AcemV/TpoTdTUTO/EAEYXOC ADONG

O Mnevikoi kaiovvtal va avartifovv mhaveg AGeLS, ). ToV TEPLOPIGUO(cVUVIECHOG) TG BeprdTnTOC TOL
ypewlopaote yia vo (EGTAVOLUE TO GTitTL pag, TEPlopilovTag £TG1 Ta KOG OPLKTE KoL TNV EKTOUTT 010&etdion
ToV dvOpaKa.

Toavtoypova ot padntég epmAékovtal oy £vvora «PeTa@opa Oeppotntagy (évvora g Emotnung) péco tov
POV LOPP®V NG (aKTvoforia-emapn-pedata)Kol 6Tov oyedacd g Mnyavikng kabag 0o oyedidcovy
TEPALOTO Y10 VO EAEYEOVY DAIKA £V Ba KATAGKELAGOVY TP®TOTLTO Ko B eEAEYEovv kat Ba a&lodoyrcovy v
Moo tovg. Xro Modnpotika epmiékovror péom tov pudpov petafoing e Oeppotnros. Ot eyKapoieg Evvoleg
glvar: ZraBepotnra ko AAhayn, Ootnua Kot Y ToOGUGTHOTO,



Indicative Examples
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Indicative Examples

Hopdaderypa @ Adookoriio ONUIOVPYIOS GEIGUAOV PNE TO POVTEAD TG Y7@ohoyioTikg Ilawdaymyug
STEAM

10 mapddetypo ovto Oa ypelachel 0 eKTOOELOUEVOC VL EUTAOKEL GTOV GYESOGO TS MNyaviKNG aALG Kot
VO KOTOOKELAGELS £val TEXVOUPYNUO VD B GUALEEEL dedOUEVA LECH TTPAYUOTIKOV YPOVOL LE a.E10TOINGT)
tov Stream Data —Office 365. Eniong 6a ypnowomomOei to physical computing péom g mhatpoppog
Arduino. To moapdderypo oElomolel 1O  TEPIEYOUEVO TOV  1GTOTOTOV  TNG Microsoft yw v
eknaidevon(https://www.microsoft.com/en-us/education/education workshop/seismograph.aspx).

Apykd 00, 600€l £va un 6aQAOG dounpuévo TPOPANIA 6TOVS EKTALOEVTIKOVS, HE TNV EENG HOPOT).

«Ze o mOAN oyedlaleTon 1 KATOOKELN] VEOV TOALOPOQ®V  KTpiwv ota mopdktie g moing. O
TPOTEWVOUEVOS TOTOC KATAGKELNG PpiokeTol KOVTd oTa Opla TV TEKTOVIKAOV TAaKk®V. [ tnv vAomoinon Ha
npémel va oteEayBel peAETN TG GEIGUKTNG dpacTnpdtnTag 6Ty Teptoyn. [a Tov okomd avtd Ba mpémetl va
KATOUOKELOGOOVV GEIGLOYPAPOL OV B0 CLAAEYOLV OE TPAYUOTIKO ¥POVO TO. OEOOUEVO TNG GEIGLUKNG
dpacTNPIOTNTOG.
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Final Thoughts
The STEAM framework would like to truly recognize
the STEAM activities and how we can go through
radical changes in curriculum in order to integrate
STEAM

Future Research

Social Justice —Active Citizen-UDL-Inclusive Education-Kind of
Learning objectives

Types of Assessment-Types of Boundary Objects ---University
Pedagogy-Open data through Computational Practices-

To paraphrase Richard Feynman..Maybe...

If you think you understand STEAM, you don’t understand
STEAM
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