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Industry 4.0

AOECD FUTURE OF EDUCATION AND SKILLS 2030 OECD Learning Compass 2030 A SERIES OF CONCEPT NOTES

Atpsmww.oecOrg/education/203@roject/teachingandlearning/learning/learning
compasL030/OECD Learning_Compass 2030 Concept Note Series.pdf

Figure 2. The race between technology and education
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Industry 4.0

END OF THE 18™
CENTURY

START OF THE 20™

CENTURY

START OF THE

19705 PRESENT

INDUSTRY 1.0

Mechanization

Introduced mechanization of
production by using water and
steam to increase production
capacity and productivity,
versus manual craft work

1784 First mechanical loom

1 Httpé://blog.isa.org/whatis-industry-40

INDUSTRY 2.0

Electrification

Introduced labor-based mass
production (assembly lines)
powered by electrical energy

1870 First production line,
Cincinnati slaughterhouses

5"y B

INDUSTRY 3.0

Automatization

INDUSTRY 4.0
Cyber-Physical Systems

Introduced electronics and
computers to replace manual
work by stand-alone robotic
systems

The convergence of physical,
digital, and virtual
environments through Cyber-
Physical Systems (CPS) and the
Internet of Things (loT)

1969 First programmable logic
controller (PLC), Modicon 084



Inaustry 4.0

Reality

Autonomous
Robot Horizontal & Vertical
" Integration

PRESENT
{50 d:

Industrial Internet

Big Data
Analytics | oo ame
- —— _ of Things
1 rillars
Chain Of _ Cybersecurity
Technological
INDUSTRY 4.0 Advancement |
Cyber-Physical Systems :
The convergence of physical, Additive Arfificial
digital, and virtual Intelligence
environments through Cyber- Manuiactem "
Physical Systems (CPS) and the
.0
New

Internet of Things (loT)

Business Models

Cloud
1 Hitps:/Iwww.symmetryelectronics.com/getmedia/ead4a8d3197-4e5e8ala065ffa20bfc4/PSDC.pd
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INDUSTRY 4.0
Cyber-Physical Systems

The convergence of physical,
digital, and virtual
environments through Cyber-
Physical Systems (CPS) and the
Internet of Things (loT)

Electronic Device

Micro:bit

OBLOQ Module

Internet
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Remote LAB using ARDUINO and MICROBIT
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kOKAWUa , 2022{ *0-
O C KalovrektisKostantinos An open hardware
Rt 2 mechanism for remote implementation of laboratory
s ” ” R3 'S activities in Science, STEAM and Educational Robot
educational environments: development, usability
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F ' L and technological acceptance by educators
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16 MapTiou 2021 TO MEAAON THZ EPTAZIAZ

OIKONOMIA & | SPECIAL REPO I /‘lEB
ENIXEIPHZEIZ EKMAIAEYSH STEM

[Madeia STEM yia kaivoTopia Kal eunueEpPia

Zuyxpoves Emixeipnoeis, Zuyxpovn EAdaba



Industry 4.0

OIKONOMIA & | SPECIAL REPORT N
EMNIXEIPHZEIZ I EKMAIAEYEH STEM 74)‘:55

Maideia STEM yia kaivoTopia kai eunuepia

OIKONOMIA & | SPECIAL REPORT 7/’}

Liyxpoves Enophoes, Zoyxpovn EAdSSe

EMIXEIPHZEIZ EKMAIAEYZH STEM

Mapd Tnv atmroucia oAoKANpwHEVNG oTpaTtnyIKAG STEM, Ta TeAsuTaia xpdvia £Xouv avaTTTUXBEi
ONUAVTIKEC TTPWTOROUAIEC yia TNV TTPoWBNoN TNE eKTTaideuong STEM oe 6Aeg TNE Babuideg, Kupiwg
OHWC OTN JeUTEPORABUIA YVEVIKA EKTTAIOEUCT, KAI TTIO CUCTNHATIKA, OTNV IDIWTIKA HEON EKTTAIDEUON.
MoAovoTi TTpdKeITal, KaTd Kavova, yid HEMOVWHEVES KAl ATTOCTTAOHATIKEG dpdocig, n akia Kai n
ETTIOPACT) TOUC OTNV EKTTAIOEUTIKA KAl HABNTIKA KOIVOTNTA, AAAG Kal oTnV EAANVIKE KOIVWVia GUVOAIKA,
gival eCAIPETIKA ONHAVTIKEG, KABWCE aPevOC augdvouV TO eVOIAQEPOV TWV HABNTWYV yI' AUTEC TIC
ETTIOTNMOVIKEC TTEPIOXEC, APETEPOU gl0ayouv BabBuiaia Tn diIdakTikn STEM ota oxoAcia. Ztnv
TTAEIOVOTNTA TWV TTEPITITWOEWY, 0l BPACTEIC AUTEC UAOTTOIOUVTAI UE TN OUVOPOUN, 1] AKONA KAl UE
TTPWTOROUAIA, KATTOIOC IBIWTIKAC ETTIXEIPNONS N OPYAVIOHOU, OTTWC, VIO TTAPAdEIYHA N OTPATNYIKNA
ouvepyaoia Tng Cosmote pe 10 EAANVIKO okEAOC Tou Opyaviopou EKTTaIdeuTIKAG POUTTOTIKAC Kal

AloonueiwTn gival £TTioNg Kal n 3pacTnEIOTTOINON TWV EKTTAISEUTIKWY OF ATOMIKO Kal TUAAOYIKG
eTTiTTed0. EVOEIKTIKG ava@épovTal O OXETIKEC TTPWTOROUAIEC TNS EAANVIKAC ETTIoTHOVIKAC 'Evwong
Exmaideutwv STEM (E3STEM), Tn¢ Evwong EAARvwy Duaikwy, TnS MNMaveAAfviag Evwong Kabnyntwy
MAnpo@opikng (MEKAIT) aAAd kai Tou Opyaviopou Avoixtwy TexvoAoyiwv (EEANAK) Kupiwg péoa aTrd
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Data
Practices

da.1 Collecting Data

da.l Creating Data

da.3 Manipulating Data

da.4 Analyzing Data

da.5 Visualizing Data

Modeling &
Simulation
Practices

ms.1 Using Computational
Models to Understand a
Concept

ms.2 Using Computational
Models to Find and Test
Solutions

ms.3 Assessing
Computational Models

ms.4 Designing
Computational Models

ms.5 Constructing
Computational Models

Computational
Problem Solving
Practices

ps.1 Preparing Problems for
Computational Solutions

ps.2 Programming

ps.3 Choasing Effective
Computational Toals

ps.4 Assessing Different
Approaches/Salutions to a
Problem

ps.3 Developing Modular
Computational Solutions

ps.6 Creating Computational
Abstractions

ps.7 Troubleshooting and
Debugging

Systems
Thinking
Practices
st.1Investigating a Complex
System as a Whole

st.2 Understanding the
Relationships within a System
st.3 Thinking in Levels

st.4 Communicating

Information abaut a System

st.5 Defining Systems and
Managing Complexity
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O tpeic fuoordoel g Y.E.: EVWOLES, TIDOKTIKES KO TIDOOTTTLKES
YmoAoyWOmIKED EVWOLED, TTPpOKTIKED Kol mpoommKe; (Brennan 8 Resnick, 2012). Ov huoooaoew; e Y.L

. E .. Goun axolouBiag, emavaknine, emmAoyng, alyopBuol, Sdebopéva, kh
Yriol i my. avabpopkec oyecew;, adoapenikn duabkaoio, TunuoTonoinon, EMOVOXpoL-
- pomoinon koudwo, ovapeifn kwdwa (mov Exouy dnuoupynoer ouvrnBoe aldol) —

remixing.
T EXdpooT, ETIKON WVID.
. O eExmobEvoEVOL YWinpilouy ToOV TEXVORDYIKD KOO0, VIOTTUGO0UY TYECELD LIE-
‘I'mﬂmlﬁuqu ) P
| - O yEVLKOL OKOTOL TOU TpOYPAUUINTOC, ordaor) anevovtl oony Y.E. ko T Suobuon-
OLEG TNG.
Brennan K, Resnick M (2012). New frameworks for studying and assessing the development of

computational thinking. Presented at the American Education Researcher Association, Vancouver,
Canada.

Namukasa, I. K., Kotsopoulos, D., Floyd, L., Weber, J., Kafai, Y. B., Khan, S., et al. (2015). From computational triokipgtedional
participation: Towards achieving excellence through coding in elementary schools. In G. Gadanidis (Ed.), Math + codingrsympos
London: Western University
Kafai, Y. B., & Burke, Q. (2013). Computer programming goes back to sdhbbDelta Kappan, 98.), 61.

Aye, S. Y., & Koh, J. H. L. (2014). Review on teaching and learning of computational thinking through programming: Whdbisae
12?Computers in Human Behavior, 431-61.
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3. EITOUDYIKOI OpIOoUol ThG UTTOAOYITTIKIG TREPMC

O AeBwnc Opyonauopde -The International Seciety for Technology in Education (ISTE, 2011, 2016) ool n £-
wirn Computer Science Teachers fation [CS5TA) Exouv CUVEDYROTEL AE opyoviouolc Tmou kaSopifouw
v ExkmodeEuTxn mokokr), Ty Snurouvpyien Buopnpooeio, Kobwe ko pE exmodeutikous dopelg woTE vo
T Eouy AEToUpyYLEOU S opLoolg yuo Thw Yooy uortwn Zxsdin (Y.L

Dopduova pe tov opyaviopd auto n Y.E eival o Suobuwaoie emihuvong npoAruoarog mouw mepuhogPaved
peToEd Ao To arodouwbo Ko ook puUETLE G

(FA. mou hittpsfSfcymodn.comysiteswanaw csteachers.orgfresourcefresmgr/CompThinkingFlyer_pdf; Boc-
coni et al., 2016) :

K]

P Tnv Suordmwon Tou mpoPARuorog BE TETow Tpo- Apacrnpiérnra 1.1
IO WHITE W WG ETILCRENEL Tn epnon touw HYY ko
G EppnoehE L.

P Trwv choyikr] opydwneons kol ooedoon Twow SeSo- ENuewnoTe mweg ta duothova onueioa Bo-
AL nBodv Tous EXTELBEVOLEVOLIC W EONO-

= Tnv ovomopdoTtoacn Twy Sefopevwy pEcw odon- -_"'lf'IE_UL-J"-" HE “mm mpofhrjuoro
DETLKLWY SOLIEY OTTWE T UWOVWTEAD TIOU OTN OUWVE- oS T KeeBnpe povr T
¥eux Ba mpocououwwnSouw (Mposopoiwosn wovce- T T T 1
RLaw.

P Tnv couvTopornxomoinon e Avong Tww mpoBin-
MO LECLW TNG aivomolnonc odyopiBuewrw. 3
P Tov mpocSopuoud, TV avdAuon Kol Ty uAoTooi-
non evoAdoETuky ADCEWY KoL TV oovadrTrpon
B Thv yevikeuon ko «pUETOOXNMOTLFLO Y ToW Tio-
BArjporog mpog emihuon of GAAEG TUEPOROLEG KO- - oo |
TOOTETELS | LETO WL TUKT) EJATTELDLOL).
P Trnwv cmoldynon mou Bocifetor aotnv ¥.E_
P Tnv ocovoapyeupuon potiPoy ko Suedopuww mpoTd-
T

ASTE (2011), Operational definitions of computational thinking, retrieved 24.12.2017 from:
https://c.ymcdn.com/sites/www.csteachers.org/resource/resmgr/CompThinkingFlyer.pdf. 10

A

ASTE (2016), ISTE Standarts for Students, retrieved 24.12.2017 from: http://www.iste.org/docs/StRedandses/iststandardsstudents2016_one
sheet_final.pdf?sfvrsn=0.23432948779836327.
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Yakar , O. ,Mahékat D, hitles Li.,VattaRg S,., & Yeter, |. (2016).
Computational Pedagogy: Fostering A New Method of Teacklogip. in

Education 7(3), 51:-72. Presented at: ASEE Annual Conference and Exposition.
New Orleans, June 2016.
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Patterns

APatternsexist everywhefein regularly occurring shapes or structures and in repeating events and
relationships. For example, patterns ahescernible in the symmetry of flowers and snowflattes

cycling of the seasons, and the repeated base pairs obDNANGS S, 201 3)

ANoticing patterns is often a first step to organizing phenomena and asking scientific questions about
why and how the patterns occur. o

The crosscutting concept of patterns is also strongly
Mathematics and Computational Thinking ( NGSS, 201 3)

fAnalyze and interpret data for patterns in the fossil record that document the existence, diversity,

extinction, and change of life forms throughout the history of life on Earth under the assumption that

natural laws operate today asinthepast ( NGSS, 201 3)
NGSS Lead States. (2013). Next generation science standards: for states, by states. The National AcadenashiPigies, DCISBN 9780-

309272278
National Research Council. (2012a) A framework fet Xscience education: practices, crosscutting concepts, and core ideamlMatademies

Press, Washington, DC
National Research Council. (2012b) DiscipHn@sed education research: understanding and improving learning in undergradnageasd
engineering. National Academies Press, Washington, DC
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NCause and effeds often the next step in science, after a discovery of patterns or events that occur together with
regularity. A search for the underlying cause of a phenomenon has sparked some of the most compelling and productiv
scientific iIinvestigations. AAny tentative answer, ofr
chain of interactions that connect A and B. For exaniple,e not i on t hat di seases can
was initially treated with skepticisby the medical profession for lack of a plausible mechanism.

Today infectious diseases are well understood as being transmitted by the passing of microscopic organisms (bacteria
viruses) between an infected person and another. A major activity of science is to uncover such causal connections, oft
with the hope that understanding the mechanisms will enable predictions and, in the case of infectious diseases, the
design of preventive measures, treatments, and.cures . ( NGSS, 2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National AcademeshiPgiss, DCISBN 9780-309-272278
National Research Council. (2012a) A framework fet Kscience education: practices, crosscutting concepts, and core ideasalMaiademies Press, Washington, DC

National Research Council. (2012b) DiscipHoesed education research: understanding and improving learning in undergradnegeast engineering. National Academies
Press, Washington, DC
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nCause and effedExamples 0

nNnl1. Make observations and/ or measurements to provide evi
water, ice, wind, or vegetation

2.Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure substance
when thermal energy is added or removed.

3.Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic
combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by
environment al {N&832013)s 0 .

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academashipgies, DCISBN 9780-309-272278

National Research Council. (2012a) A framework fet Xscience education: practices, crosscutting concepts, and core ideasalMaiademies Press, Washington, DC
National Research Council. (2012b) Disciphimesed education research: understanding and improving learning in undergradneg&east engineering. National Academies
Press, Washington, DC
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Scale, Proportion and Quantity Examples

nl. Support an argument that the apparent brig
distances from Earth.

2.Conduct an investigation to provide evidence that living things are made of cells; either one
cel l or many differ enNGS$2008ber s and types of ¢

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National AcademashPigies, DCISBN 9780-309-27227
8

National Research Council. (2012a) A framework fet Xscience education: practices, crosscutting concepts, and core ideaslMatademies Press,
Washington, DC

National Research Council. (2012b) DiscipHmesed education research: understanding and improving learning in undergradonegasal engineering.
National Academies Press, Washington, DC
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Systems and System ModelExamples

i 1Use a model to represent the relationship between the needs of different plants or animals (including hum
and the places they live

2. Make a claim about the merit of a solution to a problem caused when the environment changes and the tyy
of plants and animals that | ive there may change

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National AcadénviéeshiPigies, DCISBN 9780-309-272278

National Research Council. (2012a) A framework fet Xscience education: practices, crosscutting concepts, and core ideamlMatademies Press, Washington, DC

National Research Council. (2012b) Disciptin@sed education research: understanding and improving learning in undergradnageast engineering. National Academies Press,
Washington, DC
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ASystems and System Modeale useful in science and engineering because the world is complex, so it is helpful
to I solate a single system and construct a simplifie
artificial boundary between the system in question and everythingg el$e NGS S, 201 3)

Aln more complex systems, it is not always possible or to consider interactions at this detailed
mechanical level, yet it is equally importdatask what interactions are occurring (e.g., predator

prey relationships in an ecosystem) and to recognize that they all involve transfers of energy, matter,
and (in some cases) information among parts of the sgdtEa$S,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Acadénmashipgies,DCISBN 9780-309-272278
National Research Council. (2012a) A framework fet Kscience education: practices, crosscutting concepts, and core ideasmlMatademies Press,
Washington, DC

National Research Council. (2012b) DiscipHmesed education research: understanding and improving learning in undergradonegeasa engineering. National
Academies Press, Washington, DC
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Energy andi Examples
N1. Support an argument that plants get the materials they need for growth chiefly from air and water.

2Devel op a model to describe the cycling of water thr
and the force of gravity.

3. Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy
released during the processes of fission, fusion, and

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Académéshipigies, DCISBN 9780-309-272278
National Research Council. (2012a) A framework fet Xscience education: practices, crosscutting concepts, and core ideaslMatademies Press,
Washington, DC

National Research Council. (2012b) DiscipHoesed education research: understanding and improving learning in undergradoageasal engineering.
National Academies Press, Washington, DC
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AStructur e aarned cFounmpclteinbennt ary properties. NnThe shape an
designed objects are related to their function{$)e functioning of natural and built systems alike depends on the
shapes and relationships of certain key parts as well as on the properties of the materials from which they are made.

For example, the substructures of molecules are not particularly important in understanding the phenomenon of
pressure, but they are relevant to understanding why the ratio between temperature and pressure at constant volume
is different for different substan@edNGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Académéehipigies, DCISBN 9780-309-272278

National Research Council. (2012a) A framework fet Xscience education: practices, crosscutting concepts, and core ideamlMatademies Press, Washington, DC
National Research Council. (2012b) DiscipHoesed education research: understanding and improving learning in undergradoegasa engineering. National
Academies Press, Washington, DC
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Structure and FunctioifExamples.

nl.Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various
materials.

2.Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface
processesao.
(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academeshidgiss, DCISBN 9780-309-272278

National Research Council. (2012a) A framework fet Kscience education: practices, crosscutting concepts, and core ideaslMaiademies Press, Washington,
DC

National Research Council. (2012b) Disciphioesed education research: understanding and improving learning in undergradnegast engineering. National
Academies Press, Washington, DC
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AStability and Changeare the primary concerns of many, if not most scientific and engineering
endeavorsiiStability denotes a condition in which some aspects of a system are unchanging, at least at
the scale of observatioBtability means that a small disturbance will fade advthat is, the system will

stay in, or return to, the stable condition. Such stability can take different forms, with the simplest being a
static equilibrium, such as a ladder leaning on a w8l contrast, a system with steady inflows and

outflows (i.e., constant conditions) is said to be in dynamic equilibfiamexample, a dam may be at a
constant level with steady quantities of water coming in and out. . . . A repeating pattern of cyclic
chang® such as the moon orbiting Eaéltan also be seen as a stable situation, even though it is clearly
not s(NGSS20t3)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Académéshipgies, DCISBN 9780-309-272278

National Research Council. (2012a) A framework fet Kscience education: practices, crosscutting concepts, and core ideasalMatademies Press, Washington, DC
National Research Council. (2012b) DiscipHoesed education research: understanding and improving learning in undergradoaegasa engineering. National
Academies Press, Washington, DC
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ANAn understanding of dynamic equilibrium iIs <c
complex systed for example, population dynamics in an ecosystem or the relationship between
the | evel of atmospheric car bo(@NG852018)i de and E

NA system can be stable on a small time scale
changing. For example, when looking at a living organism over the course of an hour or a day, it
may maintain stability; over |l onger periods,
(NGSS2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National AcadéMieshipgges, DCISBN 9780-309-272278
National Research Council. (2012a) A framework fetXscience education: practices, crosscutting concepts, and core ideaslMatademies Press,
Washington, DC

National Research Council. (2012b) DiscipHmesed education research: understanding and improving learning in undergradoegasal engineering.
National Academies Press, Washington, DC
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matplotlib.pyplot as plt
numpy as np
f(n,k):
n==0:
initial_pop;

temp=f(n-1,k);
k*temp*(1-temp);

"9 0Udeass3g

0 - initial_pop= (
Us
° k=float(input(

U 3 (

( );
np.arange( )
(n format(f(n,k)));

X_val=np.arange(
y_val=[f(x,k) X
plt.plot(x_val,y val
plt.title(

plt.ylabel( )
plt.show();
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Stability and ChangeExamples

n1l. Compare multiple solutions designed to slow or prevent wind or water from changing the shape of
the land.

2. Construct an argument supported by empirical evidence that changes to physical or biological
components of an ecosystem affgcio p u | aNGS$,20E3D (

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Acadaméshirgies, DCISBN 9780-309-272278

National Research Council. (2012a) A framework fet Kscience education: practices, crosscutting concepts, and core ideamlMaiademies Press, Washington,
DC

National Research Council. (2012b) DiscipHoesed education research: understanding and improving learning in undergradnegeast engineering. National
Academies Press, Washington, DC
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«Dhovifnpoon STEM: (Brvan & Guzey, 2020)

AVaQEpETulL O HOVTELD GOV OAOKATPGEVOVTUL TTEPLEYOGUEVD TEV YVEOGTIKOWV
TEPLOY MY A0 KOl TPOKTIKGOV IO TIS YVEOGTIKES TTEPLOYES.

Foppova pe tovs (Bryvan & Guzev,2020).1 woiowinpoorn STEM» sival

GLETLGTI|LOVLIKT] TPOCETYLET). LS TV SVVOLE TT|C SLEMLCTI|ULOVIKO T TOS MO0 TS ooy
oL (Newell & Green 1982).

Foppova pe tovs (Newell & Green ,1982), 01 dr1smoTOVIKES TPOGEYFLGELS SIVOL
GLEPEUWVI|GELS IOV CTHPLLOVTOL G HV0 1] TEPLECCOTEPES YVHOCTIKES TEPLOFES KAl
OO YOV OTIV «0A0KAT POOCT] SEVVOLOVY IT0 ETIUEPOVS YVEOCTIKES TEPLOYES.
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(Boon Ng, Soo ,UNESCO, Exploring STEM competencesfor the 21st century

https//learningportaliep.unescoorg/en/library/exploringstemcompetence$or-the-
21st-century,2019
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Mayes, R.(2019). Quantitative Reasoning andRlts line
Interdisciplinarity .In Doig, B., Williams, J., Swanson, C
BorromeoFerri, R., & Drake, P. (2019). Interdisciplinary
Mathematics Education. Cham: Springer International
Publishing https://doi.org/10.1007/978-030-110666

Fig. 8.2 Starlings flocking in Rome https://youtu.be/V-mCuFY{JdI


https://doi.org/10.1007/978-3-030-11066-6

Integrated S.T.E. AM¢ a
J 6aa60 STEWM o i

A 3. FE. GgsuyUOUUs U Uds dUxy;aU Udd "eag a6afhUqUU(

MBirds flocking is an exemplar of a complex system. Starlings flocking in RBige8.2) organisehemselves based on simple
interactions between birds (thgents), the result of which, are beautiful emerging patterns from random bird interactions.
Flocking is an adaptation that, among other things, confuses predatoesdhehPeregrine Falcobomplex systems reasoning
Is the ability toanalyseproblems, like flockindpehaviouy by recognisingcomplexity, patternsand interrelationships within a
systemfeaturing a large number of interacting components (agents, processes, etc.)

FromWikipedia thefree encyclopediaFlocking is the behaviorexhibitedwhena groupof birds, calledaflock, areforagingor in flight.
Computersimulationsandmathematicaimodelsthathavebeendeveloped

to emulatetheflocking behaviorsof birdscanalsogenerallybe appliedto the 'flocking” behaviorof otherspecies

As aresult theterm"flocking" is sometimespplied in computerscienceto specietherthanbirds.

Mayes, R.(2019). Quantitative Reasoning andRlts linénterdisciplinarity .In Doig, B., Williams, J., Swanson, D.,
BorromeoFerri, R., & Drake, P. (2019). Interdisciplinary Mathematics Education. Cham: Springer International
Publishing.https://doi.org/10.1007/978-030-110666



https://doi.org/10.1007/978-3-030-11066-6
https://en.wikipedia.org/wiki/Flock_(birds)
https://en.wikipedia.org/wiki/Foraging
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https://lwww.theguardian.com/technology/2008/aug/03/internet.email

Giorgio Parisi Nobel Prize 202 or groundbreaking contributions to our
under standing of c olsmgMageletcphysi cal systems. o
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e (GUssheUse Us £o9)J6i ohlcae
¢ h g J h g A Just six degrees of separation or fewer between the Dalai Lama and everyone else. Photograph: Carl de
Souza/AFP/Getty Images
https://www.theguardian.com/technology/2008/aug/O3/internet.email  1p 3 world of 6.6 billion people, it does seem hard to believe. The theory of
six degrees of separation contends that, because we are all linked by chains

of acquaintance, you are just six introductions away from any other person

RpCiGy & SRy [ R
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Future Research
Social Justicé Active CitizenUDL-Inclusive EducatiofKind of Learning objectives
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TG EENYHOELS pE TV
ETULOTNPOVIXS) VIO

Eruxoivwvia
Ot paBnrég smxotvw-
VOUV KOt arToAoyouv
v e€rfynon

Avaotoxaopdg
O padnréc avaoro-
x&lovzar otnv Siepeuvn-
-avaxgAunnxn Sua-
Sucaoia mou axolotBn-
oav xai otnv padnon
TOUG

O pabntrig anodaoi-

JEL POVOC TOU TIWE Va
npoxwpnoe otnv £&h-
ynon Baowdusvog otnv
anobefn.

O paBnrig npoxwpd
pdvog Tou otnv ouvbson
G £6fynong pe v

EMLOTNHOVIXT] YVor.

O paxBnrig npoywpa
HOVOG TOU OTNV EMKOL-
VIVEDr KO TNV aUtioho-

ynon g ffynong.

O pabnuic anodaot-
LEL MOVOC TOU MWE va
Sopnoel v avastoya-
ouxr tou Sabxaoia.

O pabnrig npoxwpa
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nawSeUTIXO.

O paBnTic napdyet
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and rov exnabeunxd.

O padnic smkowvw-
vel kaL axnoAoyet Tnv

gffjynon pe oxenxn po-

fBewa and rov exmo-
Seunxd.

EZrov pabnug napéxo-

vial obnylss yua tnv 56-
HNon TG aVaoToxaoT-
xnG Tou Suabwkaoiag,
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Itov pabnt) napdye-
tat n e€nynon ano Tov
sxnabsuTikd,

Itov paBntr napsye-
tat n oovlson an’ gu-
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nxd 1) dAoug népous.

Irov paln napéxo-
VT TO BApaTa yua wa
ETUKOWVLVITEL KL VO

QITIOAOYNOEL TRV
egfiynon.

EZrov padn napéxo-
VIGL Ta Prjpata yie va

SourjoeL TV avaoToxa-
ot Tou Siabuaoia.
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https://www.doe.mass.edu/frameworks/scitech/2016
04/Appendixl.pdf

Scientific Inquiry and Engineering Design as Holistic and Dynamic

Processes
Scientific inquiry and engineering design are dynamic and complex processes. Each requires
engaging in a range of science and engineering practices to analyze and understand the natural
and designed world. They are not defined by a linear, step-by-step approach. While students may
learn and engage in distinct practices through their education, they should have periodic
opportunities at each grade level to experience the holistic and dynamic processes represented
below and described in the subsequent two pages.
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https://www.doe.mass.edu/frameworks/scitech/20184/Appendixl|.pdf
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Ewkova: To tpiyovo e alwiomons (NRC, 2001) pe mv apocBzon g adrodoynong
GTV «oloiapoctn STEM».
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Mayes, R.(2019). Quantitative Reasoning andRlts linénterdisciplinarity .In Doig, B., Williams, J., Swanson, D., Borrorkeori, R., & Drake, P. (2019). Interdisciplinary
Mathematics Education. Cham: Springer International Publishtfygs://doi.org/10.1007/978-030-110666
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Gao,X, Li,P., Shen,J..&8unH ( 2020), AReviewing Assessment of
Student Learning in Interdisciplinary SI#&EM Education, o Int. J. STEM Educ., vol . 7,


https://doi.org/10.1007/978-3-030-11066-6
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