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Abstract

This proposal introduces the theoretical framework of Computational
STEAM integration as well as its conceptualization for instructional practices,
learning outcomes and assessment methods with a view to suggest a
conceptual framework for the epistemology of Computational STEAM.
The purpose of this commentary is:
(i) to summarize the state of the art for the different approaches of STEAM
epistemology and integration,
(ii) to go beyond and suggest some directions for future research, and
(iii) to propose the inclusion of the Computational Science methodology in
STEAM epistemology, mainly by provision of boundary objects.
(iv) to discuss the role of Computational Thinking practices and the
computational artefacts as time-like boundary objects in relation to
threshold concepts.
(v) The dual relationship between the practices of Artist and STEM experts

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).

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-competencesfor-the-21st-century,2019). New Teaching approaches-Inquiry and Engineering Design(Apedoe et al .2008)

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-compass2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf
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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
There is no consensus for the practices-dimensions of CT –Operational Definition
http://www.bbc.co.uk/education/guides/zp92mp3/revision
(Cansu & Cansu,2019)

The common dimensions

Computational Thinking-Computing –
Computational problem and Computational
Learning
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:
• data practices,
• modelling and simulation practices,
• computational problem-solving practices and
• systems thinking practices.
Need for Real Data
Emphasis on Computational
Models. What is this?

Computing –Computational
Science

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

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”.

Wing (2008)
Computing and EngineeringHow we can engage students
in collection of real data and
optimization processes?

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)

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
Learning

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) οι επτά εγκάρςιεσ/διεπιςτημονικζσ/επικαλυπτόμενεσ ζννοιεσ για τισ Επιςτήμεσ και την Μηχανική, είναι οι :

1) Μοτίβα/patterns
2) Αιτία-αποτζλεςμα: μηχανιςμόσ και εξήγηςη
3) Κλίμακεσ, αναλογίεσ και ποςότητεσ
4) Συςτήματα και ςυςτήματα μοντζλων
5) Ενζργεια και φλη: ροζσ, κφκλοι και διατήρηςη
6) Δομή και λειτουργία

•

7) Σςταθερότητα και αλλαγή

Εικόνα: οι εγκάρζιες/διεπιζηημονικές έννοιες

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. .

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 is 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
Some definitions for Interdisciplinary and
Transdisciplinary approaches

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; English, 2016) provide definitions
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.

STEAM Integration

STEAM Integration Instructional Strategies-3

Some definitions for Interdisciplinary and Transdisciplinary
approaches
(OECD: OECD Future of Education and Skills 2030-Conceptual learning frameworkhttps://www.oecd.org/education/2030-project/teaching-andlearning/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, Soo,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).

STEAM Integration

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 studentsOur 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

Space and Time in STEAM

(Tytlet et al.,2019): disciplinary interactions are envisaged for „transdisciplinarity‟ 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 „the interaction of diverse people within an entirely new group‟,
rather than the sharing of individual knowledge by experts as in multidisciplinarity, 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

Author …………….
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

Klein Bottle

The “A “ in STEAM

https://www.snibbe.com/digital-art#/projects/interactive/boundaryfunctions/
Voronoi Diagrams in Humanities

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., Li,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

Δηαζηάζεηο αμηνιόγεζεο ζηελ «νινθιήξσζε STEM»

Assessment in Integrated STEAM
The theoretical framework

STEAM Integration
A Standard Model?

Indicative Examples

Το ππόβλημα ηηρ Γκαλεπί Τέσνηρ- «The Art Gallery Problem»(
https://wild.maths.org/art-gallery-problem)
Τν πξόβιεκα απηό πξνηάζεθε ην 1973 από ηνλ Μαζεκαηηθό Victor Klee θαη ην 1978 ,ν Μαζεκαηηθόο S. Fisk έδσζε κηα πνιύ
ειθπζηηθή ιύζε.
Το ππόβλημα πεξηιακβάλεη πνιιέο δηαζηάζεηο ηεο Υπνινγηζηηθήο ζθέςεο, αμηνπνηείηαη ν ζρεδηαζκόο ηεο Μεραληθήο θαη νη
εγθάξζηεο ηδέεο ελώ κπνξεί λα ρξεζηκνπνηεζεί γηα ηελ πινπνίεζε ζε ζρνιηθό επίπεδν ηνπ Internet of Things κε αμηνπνίεζε
θαη ηεο πιαηθόξκαο Arduino.
Έζησ όηη ζαο δίλεηαη ην παξαθάησ ζρήκα πνπ έρεη κηα γθαιεξί ηέρλεο ε νπνία πεξηέρεη αλεθηίκεηεο αμίαο πεξηερόκελα θαη
ηα νπνία πξέπεη λα πξνζηαηεπζνύλ από θξνπξνύο νη νπνίνη πξέπεη λα έρνπλ ζπλνιηθά κηα πιήξε εηθόλα ηεο γθαιεξί. Τν
εξώηεκα είλαη πόζνπο θξνπξνύο ρξεηαδόκαζηε.
Εγκάρςιεσ/Διεπιςτημονικζσ Ζννοιεσ :





κλίμακεσ, αναλογίεσ και ποςότητεσ
δομή και λειτουργία
μοτίβο

Indicative Examples

Το ππόβλημα ηηρ Γκαλεπί Τέσνηρ- «The Art Gallery Problem»(
https://wild.maths.org/art-gallery-problem)
Η επηηπρία ηνπ Fisk ήηαλ λα κεηαζρεκαηίζεη ην πξόβιεκα ζε έλα πξόβιεκα ρξσκάησλ σο εμήο.
Αο βάινπκε ρξώκαηα ζηηο θνξπθέο(ηξία δηαθνξεηηθά ρξώκαηα) κε ηέηνην ηξόπν ώζηε ζε θάζε ηξίγσλν λα κελ
ππάξρνπλ δπν ίδηα ρξώκαηα. Σηε ζπλέρεηα , επηιέμηε έλα ρξώκα, π.ρ ην θόθθηλν, θαη ζπκπιεξώζηε κε ρξώκαηα
ηηο άιιεο θνξπθέο. Θα παξαηεξήζεηε όηη ρξεηάδεζζε 3 θξνπξνύο(3 θόθθηλεο θνξπθέο).

Indicative Examples

Σώζηε ηοςρ πιγκοςίνοςρ. Η δηδαζθαιία ηεο κεηαθνξάο ζεξκόηεηαο κε αμηνπνίεζε
ηνπ ζρεδηαζκνύ ηεο Μεραληθήο σο ζελάξην «Integrated STEAM». Τν πξόβιεκα πνπ
ηίζεηαη ζηνπο εθπαηδεπόκελνπο-κεηά ηελ εηζαγσγή γηα ην ζέκα ηεο θιηκαηηθήο
αιιαγήο- είλαη ην εμήο:
Θέινπκε λα θαηαζθεπάζνπκε ζπηηάθηα γηα ηνπο πηγθνπίλνπο ώζηε λα ηνπο
πξνζηαηεύνπκε από ηελ αύμεζε ηεο ζεξκνθξαζίαο.
Αλάπηπμε πηζαλήο/πηζαλώλ ιύζεσλ/πξσηόηππν/έιεγρνο ιύζεο
Οι Μησανικοί θαινύληαη λα αλαπηύμνπλ πηζαλέο ιύζεηο, π.ρ. ηνλ πεξηνξηζκό(ζύλδεζκνο) ηεο ζεξκόηεηαο πνπ
ρξεηαδόκαζηε γηα λα δεζηάλνπκε ην ζπίηη καο, πεξηνξίδνληαο έηζη ηα θαύζηκα νξπθηά θαη ηελ εθπνκπή δηνμεηδίνπ
ηνπ άλζξαθα.
Ταπηόρξνλα νη καζεηέο εκπιέθνληαη ζηην έννοια «μεηαθοπά θεπμόηηηαρ» (έννοια ηηρ Επιζηήμηρ) κέζσ ησλ
ηξηώλ κνξθώλ ηεο (αθηηλνβνιία-επαθή-ξεύκαηα)θαη ζηνλ ζρεδηαζκό ηεο Μεραληθήο θαζώο ζα ζρεδηάζνπλ
πεηξάκαηα γηα λα ειέγμνπλ πιηθά ελώ ζα θαηαζθεπάζνπλ πξσηόηππν θαη ζα ειέγμνπλ θαη ζα αμηνινγήζνπλ ηελ
ιύζε ηνπο. Σηα Μαθημαηικά εμπλέκονηαι μέζω ηος πςθμού μεηαβολήρ ηηρ Θεπμόηηηαρ. Οη εγθάξζηεο έλλνηεο
είλαη: Σηαζεξόηεηα θαη Αιιαγή, Σύζηεκα θαη Υπνζπζηήκαηα

Indicative Examples

Indicative Examples

Παπάδειγμα : Διδαζκαλία δημιοςπγίαρ ζειζμών με ηο μονηέλο ηηρ Υπολογιζηικήρ Παιδαγωγικήρ
STEAM
Σην παξάδεηγκα απηό ζα ρξεηαζζεί ν εθπαηδεπόκελνο λα εκπιαθεί ζηνλ ζρεδηαζκό ηεο Μεραληθήο αιιά θαη
λα θαηαζθεπάζεηο έλα ηερλνύξγεκα ελώ ζα ζπιιέμεη δεδνκέλα κέζσ πξαγκαηηθνύ ρξόλνπ κε αμηνπνίεζε
ηνπ Stream Data –Office 365. Επίζεο ζα ρξεζηκνπνηεζεί ην physical computing κέζσ ηεο πιαηθόξκαο
Arduino. Τν παξάδεηγκα αμηνπνηεί ην πεξηερόκελν ηνπ ηζηόηνπνπ ηεο
Microsoft γηα ηελ
εθπαίδεπζε(https://www.microsoft.com/en-us/education/education workshop/seismograph.aspx).
Απσικά θα δοθεί ένα μη ζαθώρ δομημένο ππόβλημα ζηοςρ εκπαιδεςηικούρ, με ηην εξήρ μοπθή.
«Σε κηα πόιε ζρεδηάδεηαη ε θαηαζθεπή λέσλ πνιπώξνθσλ θηηξίσλ ζηα παξάθηηα ηεο πόιεο. Ο
πξνηεηλόκελνο ηόπνο θαηαζθεπήο βξίζθεηαη θνληά ζηα όξηα ησλ ηεθηνληθώλ πιαθώλ. Γηα ηελ πινπνίεζε ζα
πξέπεη λα δηεμαρζεί κειέηε ηεο ζεηζκηθήο δξαζηεξηόηεηαο ζηελ πεξηνρή. Γηα ηνλ ζθνπό απηό ζα πξέπεη λα
θαηαζθεπαζζνύλ ζεηζκνγξάθνη πνπ ζα ζπιιέγνπλ ζε πξαγκαηηθό ρξόλν ηα δεδνκέλα ηεο ζεηζκηθήο
δξαζηεξηόηεηαο.

«A Conceptual Framework for Computatonal STEAM
Integration. Crosscutting Concepts, Threshold Concepts, Border
Objects and their propagation in STEM integrational fusion»
Professor Sarantos Psycharis

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 PracticesTo paraphrase Richard Feynman..Maybe…
If you think you understand STEAM, you don‟t understand
STEAM
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