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Since 2011, after beginning of the systematic study on STEAM education, South Korea has developed
a number of related programs. At this point we see that this is the time to clarify the challenges. The
purpose of this study is to clarify the characteristics of their education through the review of many
domestic and foreign papers in order to propose the challenges of STEAM education of Korea. The

results are as follows. First, the course of integration cannot be separated by the difference in superiority
but should be separated in accordance with the purpose of integration. Second, curriculum integration
such as STEAM education is characterized by the emphasis on horizontal linking than vertical depth
fusion. Accordingly, the content knowledge and vertical linkages are inevitably weakened. In order to
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overcome this problem, the key concepts and features that were emphasized in the previous curriculum
need to also be emphasized in STEAM training, and the comparative study on the core concept and
function of each subjects should be preceded. Third, after looking upon the current situation of our
country's fusion research and talent training, the limits and the challenges that need to be overcome

context has been suggested. Fourth, with the basis on research results, we offered an example of the approach
on STEAM education which is applicable to the current situation and proposed the challenges and
implications that need to be addressed in the STEAM education of Korea in educational contexts such
as curriculum, teaching and learning, and evaluation.
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“Integrative STEM education refers to technological/engineering
design-based learning approaches that intentionally integrate the
concepts and practices of science and/or mathematics education
with the concepts and practices of technology and engineering
education. Integrative STEM education may be enhanced through
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further integration with other school subjects, such as language

arts, social studies, art, etc.”(Sanders, 2012, p.103)
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Table 1. Summary of approaches to integration(Gresnigt et al., 2014)

Name Description

Isolated/cellular/fragmented ~ Separate and distinct subjects or disciplines. Often viewed as the traditional way of teaching

Explicit connection is made between the separate disciplines, deliberately relating subjects rather than assuming that students
will understand the connections automatically

A skill or knowledge from another discipline is targeted within one subject/discipline. Content from one subject in the
curriculum may be used to enrich the teaching of another subject

Multidisciplinary Two or more subject areas are organized around the same theme or topic, but the disciplines preserve their identity
In the interdisciplinary course, there may be no reference to individual disciplines or subjects. There is a loss of the disciplines’
perspectives, and skills and concepts are emphasized across the subject area rather than within the disciplines

The curriculum transcends the individual disciplines, and the focus is on the field of knowledge as exemplified in the real
world

Connected/aware

Nested/fused

Interdisciplinary

Transdisciplinary

Transdisciplinary

Interdisciplinary

Multidisciplinary

Nested
Connected

Figure 1. Model of integrated curricula. prosed correlation between the approaches to integration and the chances and needs
for students and teachers(Gresnigt et al., 2014. p. 73).
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SCIENCE TECHNOLOGY

National Standards * |TEA Standards

NAEP 2009 Framework * NAEP 2012

Common Core Science Framework for

Standards Technological Literacy
A * Common Core Science

Standards

CONTEXTS
LIFE AND WORK SITUATIONS
THAT INVOLVE STEM

(e.g., Environment, Resources,
Health, Hazards, Frontiers)

MATHEMATICS ENGINEERING

Common Core Standards e Common Core Science
NCTM Standards Standards
* NAE Reports

Figure 2. A Framework for Model STEM Units(Bybee, 2010)

Asunda(2012)o]] w2H 7jE 1057) STEM &I IHELS
STEM i&3Hy 4 a0 igh Ao tf2 a1, 223 Ex e
tl2oh= A8 ¥hASHITh National Science Board(2007)= =7} 0.
&2 2 22|15 STEM WSAAE dsh=tli= ‘STEM sz 4]<]
Ak ool A WSHe uly AubAel WAl FF Y e F
7HA] ol Aol A el qlekar sieich w3 w7kl wsAt
S22 e AS 98 wgsllof sttta shYich &, 2R
STEM W-8-2 4oJs}7] 9Igh &1}, 7 shdise dagh = 2|4}
7158 Awslal, A7k Yg A3 Bieles sy AFE
B71sb7] St A= 7H%H Z12]31 NCLBoJ| w2 717} STEM eh52

05w sju], wsstael ofst 7t] AAS sk 2+ AHelEl
2 AAE & 2] E‘ # QEE sl AHS AElr] Qe wajok

gthal sF¢ith(National Science Board, 2007).

AR ATAEE WA R, 718 Ei= W7 A7 o]
STEMS & a9 =ishe Aol dish oes A= gtk
Sanders(2009)7} STEM -&of thajjAl, E3| wAE Q8 7fdsr =2
AEO] Ao oA W2 3FolE A|7|stH K Williams, 2011).

Williams(2011)= o]5 Z2RESLS dutz o g sl 7)<, F3)
G BHATIA 513 o] HolS BlHOR BE ANE AP
Skl Qlckar 3¢k Williams(2011), Sanders(2009), Pitt(2009)+ ©]
of ol skt oo R A Hsh 714, Bk 45te] oI, SAVE,
Aol et Bgat o7t A9 glow], STEM 4oke] ofo]cloft
ST 1% Ak, TSRACF B 7|&dok AN B BAPE
Q1= H 53t ofojtjoizlal 3%t Asunda, 2012).

Bybee(2010)= STEM i€0] &2 do| WAal] Jaia
STEM §715o] STEMo] i8743], mz g Adol ARz 5
& ofujg ZRex] WS Slof BTk shk, STEMo] 254 w80
A olulsis v theat o] AAlsArh
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Table 2. PISA 2006 Scientific Competencies(OECD, 2006,
p.29)

Identifying scientific issues

* Recognizing issues that it is possible to investigate scientifically
* Identifying key words to search for scientific information

* Recognizing the key features of a scientific investigation

Explaining phenomena scientifically

* Applying knowledge of science in a given situation

* Describing or interpreting phenomena scientifically and predicting
changes

* Identifying appropriate descriptions, explanations, and predictions

Using scientific evidence

* Interpreting scientific evidence and making and communicating
conclusions

* Identifying the assumptions, evidence and reasoning behind conclusions

* Reflecting on the societal implications of science and technological
developments

‘STEMO| Studjji= =2 et E= 4

% Mo 2 — =

o, STEMZ Sk Z272H0j)M 720 THgt 222 S/ = XS 2I0fet
Ch 7|sEC0t f2| G20 & &S Djak= A2 79 glen, aR2 1T
Olefo| Zi0[0foF BICt. STEM2 K-120i1M S3lo]| Cist QlAlo] SIS o|ofst

o} 282 £ 71| Z23 74 Y sl
Sh0f U mBke|of QRO 2URiDt ABPO| Chsl 7[ofste DEe
2Pt AHOR S| IS ZH=CIR! STEMOIN To} B 22 7k}

olct”

27 2 U sAlg It B3]

Bybee] STEMo| that of2fat el STEMS] oju2 ulmz] &
WA 3h= o 20| Hrk National Research Council(2010)2 2=
STEM ok 2147] 7158 sk 7|ale AXsh, shyse
Mg, Baal AT, S T, WAA e A, 2]
)R] WA, 18| ) A- Akal(systematic thinking) 2} 22 214

7] 7VeE& WA 4= okl 71&38har Qlrt. E3 STEM 221580
A WARSE S ETReE ZRAETL SAYE0] 21A417] 7]eS WEA
4 5 Es Fe AN} 71315 AARIEAL 519ict Bybee= o|9f
ChEo] STEME 98] Aol 2 =3 378 4= Q= 5% s34
e one o= QlokaL siglem, of7)A &

& A9 o), e A, At AR 5= AR & 4= Qlokar
aH9Itt = olfet & w4} Fste] STEM 50| Fojdh= gl
= AlAskSAc(Figure 2).

3k OECD(2006)%= STEM 80 S5k 2 A AE 4= 9=
STEM ©J2RS STEM o4 &1013l7], STEM THolA] o2 Aaly),
STEM ZJH ARg87| 2 FHEsto] AAlskaL Qlti(Table 2).

Asunda(2012)= “STEM ﬂ%«ﬂ]xu Azhy serals D7) §2
o E82 F7] 915 STEM 1% g 7122 AAE of mefat Ak
9 7153k ARE AAEHITE s 71e4%RS 93k 712(Standards
for Technological Literacy: STL)¥} =7} 18} w8 7]&(National
Science Education Standards: NSES)2 H|ugt th2(Table 3), -2
2] 6 2 STLI} Accreditation Board for Engineering and Technology
(ABET), 12]31 STL3} Common Core State Standards Initiative for
Mathematics(CCSS)E H| L3t 30|, 7|&nS(STL)of| Z3E FQ
a3t €2)7} NSES, ABET, CCSSIo] A A] STEM 40kS Zajs
= Agteirtal 345kl Table 4). 2= Asunda(2012)+= v]=of
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Table 3. Comparison of Standards for Technological Literacy(STL) with the National Science Education Standards (NSES)(Asunda,

2012. p. 52)

NSES

STL

STL

STL

STL

STL

STL

STL

STL

O[R[N | W| | —
ANENENENENENFYRENEN S
elooloje| |0 <|\|w
LA IRSASEYANASEN AN

STL

ANENENENENENENENEN(S]
NEICIRNE IRNANENAN
o(oe(0o0|0|00e—
<|<|o|o|e|o|0|0|0|O
ANENENENENENENENENE-

STL 10-19 Ajek

STL 20 v ) )

<
<
AN
AN

m=denotes a correlation in ideas and concepts in both standard and outcome

v'=denotes the ideas and concepts may not be directly addressed, but the ideas are supported in both standard and outcome
®=denotes an implied idea or concept that may be used in both standard and outcome

Table 4. Depiction of some of the major concepts and principles covered in technology education courses across science,
technology, engineering, and mathematics standards(Asunda, 2012, p. 55)

Concepts and Principles NSES STL ABET CCSSI
Understand and use mathematics, science, and technology v 3, 4,7 A 1-8
Understand technological knowledge F 1, 2 v 1, 2,5
Understand the history of technology v 7 4 v
Understand the historical significance of previous advances in technology and engineering H 3,7 4 4

A STEM i80] Wasta Zasich, shaold 714$n8e 25t
"art ook Fgeleln.

Asunda(2012)9] A= og|uglo| A STEM, = STEAM i
2 AFsteld WA Skl Bst 45 9 7)4, EE ool
WLEIGE wlwsle] elutet 8ol Uhe STEM i STEAM L&
o) 0 st 912 wH0] Wane AN, olejd At et
sEEjojof o|F 2R Seutete] @ apst meaby AAA Fat
2] STEM L= STEAM 50| 7Rs8%], of el 7fs} w8at4ol
A olw Aol Yel7} mekelojof sH=x), TLejm oA meket
22 Qo] Tigt ARFES 223t 4 97| wjEolch w3k WR) 92
et meabg B2 AN Bt 7148 2EshmlAL wehA
3p, Fotaol A Tsh7]4 P oleks wakego] EgkEe] Q7]
wjo] 35hgAlo] 4] STEM L= STEAM o] et ) &
2 dont 228 AASIA ohowd 9l sk LeoA U
28, ool 27} Som A2E 2 9L Aot

5. 2ftu§ 2opoji| STEMZ STEAM H-8o| HE Al

ek Fofoll A= NGSS(2013)0 4] STEM 59| A& HHY
sfol, ok Fokg K-120] AAA ek ek 714} BoL
2st7)20] BHA7I2IE ololtoliz Az AL o ofn] 74
9] BT} Q17te] W= AlAIY thigl Wf-8-0] Science for All American
(AAAS, 1989)3} Benchmarks for Science Literacy(AAAS, 1993)9]|
EgtE o] ey E3F Wsht 7|l thgt 7]Ee] 1996de] Sl
National Science Education Standardso] Z3t=|o] Qich 12} 38t
7] Bk, W7k wAF asolla] HEAl ek Tl

& A= FEiek

NGSSQ013)0ll4 #IAI6R= STEM @53} 1 o] Fstige] 8
o Aolae Bt 714 Hetmgol Pael FHAK Rt =,

£ shdold wehe k2w mA Seleld FeH A
(engineering design)& oA HLe} -2 =02 T8l ¥kt
71%:0) 914] ofoltlo}g the 8 Tt Hopo| ojolriojel 2 913t
o2 st HOtHNGSS, 2013).

NGSS= 755 AN wlofl= #sh 7|0 A4 SHE 7
Z%3}o], Science and Engineering practice, Disciplinary core ideas,
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ARESHE ol HeHA gatol| Folste Al 7le it ofyet 74
A3 (practices)mtet A4 A4S 23517 wlZo]tHNGSS, 2013).
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ool EANR H7IsHA] ok ZANGSS, 2013)2.2 Al Q)= Zlofth
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Table 5. The eight practices of science and engineering(NGSS,
2013)

Table 6. An Example of Next Generation Science Standards
(NGSS): Arranged by Disciplinary Core Ideas

. Asking questions (for science) and defining problems (for engineering)
. Developing and using models

. Planning and carrying out investigations

. Analyzing and interpreting data

. Using mathematics and computational thinking

. Constructing explanations (for science) and designing solutions (for

AN N B W N —

engineering)
. Engaging in argument from evidence
. Obtaining, evaluating, and communicating information

~3

3-ESS2 Earth’s System

<Performance Expectations>
Students who demonstrate understanding can:
3-ESS2-1. Represent data in table and graphical displays to describe typical
weather conditions expected during a particular season.
3-ESS2-2. obtain and combine information to describe climates in different
regions of the world.

Science and Engmeermg Disciplinary Core Ideas Crosscutting
Practices Concepts
Analyzing and Interpreting ESS2.D: Weather and Pattern
Data Climate

Table 7. Principles of Learning and associated Integrative STEM Education Pedagogy(Sanders, 2012, pp.108-109)

Theory & Research-based Principles of Learning(Eberly Center for Teaching

Excellence, 2012)

Integrative STEM Education ---

Students’ prior knowledge can help or hinder learning. Student come into their courses

provides timely opportunities for students to activate prior knowledge.

How students organize knowledge influences how they learn and apply what they know.
Students naturally make connections between pieces of knowledges. When those

provides a unique and powerful context for meaningfully organizing
STEM knowledge for future retrieval/use

Students’ motivation determines, directs, and sustains what they do to learn. As

students gain greater autonomy over what, when, and how they

generates high levels of interest and motivation among a wide range
of students of all ages and abilities.

To develop mastery, students must acquire component skills, practice integrating them,

and know when to apply what they have learned. Students must develop
component skills and knowledge necessary to perform complex task,

immerses students in the application and integration of S, T, E, &

| . . . .
not only M knowledge, skills, and practices over extended periods of time.

Goal-directed practice coupled with targeted feedback enhances the quality of students’
learning. Learning and performance are best fostered when students engage in practice
that focuses on specific goal or criterion, targets an appropriate level of challenge,

and

provides students with a specific goal(a design challenge) and ongoing
feedback from peer, teachers, and from their self evaluations of their
designed/made solutions.

Students’ current level of development interacts with the social, emotional, and
intellectual climate of the course to impact learning. Students are not only intellectual

but also social and emotional beings, and they are still developing the

creates conditions for students to engage in ongoing positive,
non-threatening, and reflective social interaction with their teachers,
teammates, and classmates.

To become self-directed learners, students must learn to monitor and adjust their

approaches to learning. Learners may engage in a variety of metacognitive
to monitor and control their learning-assessing the task at hand,

engages students in a group design challenge that encourages them
to take responsibility for their planning, self assessing, self-monitoring
and reflection

processes
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Figure 3. Spiral model of product development (Sheppard, Macatangay, Colby, & Sullivan, 2009, p.105)
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Step 1
Identify the Need
or Problem

Step 2
Research the
Need or Problem

Step 8
Redesign

Step 7
Communicate the
Solution(s)

Step 3
Develop Possible
Solution(s)

Step 6 Step 4
Test and Evaluate Select the Best
the Solution(s) Possible Solution(s]

Step 5
Construct a
Prototype

Figure 4. Massachusetts engineering design process (Massa-
chusetts Department of Education, 2006, p.84.)
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Figure 6. Learning Cycle(Apedoe et al., 2008, p.458)
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Step 9:
Finalize design

N

Step 8:
Redesign

Step 1
Identify need or
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Step 2:
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problem

Step 7:
Communicate
the solution

Step 3:
Develop possible
solutions

Step 6:
Test and evaluate
solution

Step 4:
Select best
possible solution

Constructa
~ prototype '

Figure 5. The NCETE engineering design model (Hynes et
al., 2011, p.9)

Step 5:

= A &
XMz & S
, oto|cjof
x| Al or
szeor -
e 2ol nELY /
k] .

spzyer | <

A2

Figure 7. Creative design model(Park et al., 2012, p.542)
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Figure 9. Ewaha-STEAM education model(Kim et al., 2012)

Table 8. The features of integrative STEM education(Sanders,
2012, p.104)

<Learning outcomes> As a result of one or more semesters of K-12

integrative STEM education, students will be able to:

® demonstrate integrative STEM knowledge and practices;

o effectively use grade-appropriate S, T, E, & M concepts and practices
in designing, making, and evaluating solutions to authentic problems; and

o demonstrate STEM-related attitudes and dispositions.

<Scope> Integrative STEM Education ---

® is appropriate for all K-PhD grades/students;

® is not intended to supplant S, T, E, & M instruction that is more effectively
thaught non-integratively;

® may be implemented by one or more S, T, E, or M teachers in one
or more classrooms/class periods;

® may be implemented during and/or after the normal school day, and

® should be thoughtfully and effectively articulated across multiple school
grades/bands.

<Pedagogy> Integrative STEM Education pedagogy:

® is consistent with accepted learning principles

® may be interdisciplinary, transdisciplinary, or multidisciplinary in nature
(Drake, 2007);

® purposefully engages students in integrative thinking that ranges from
simple to complex;

® purposefully engages and assesses students in the application of grade-
appropriate S, T, E, & M concepts and practices in designing, making,
and evaluating solutions to authentic problems;

® provides a robust context for integrative STEM-related learning associated
with all levels of the cognitive and effective taxonomies(Bloom et al.,
1956)

Sufele] A9 SRAYTLEE tlopet ZuloA] 4] ke
& ZA7HEAL Qle}. STEAM 2t A3 WAAGSIE 502 3t
STEAM X2 720] 7k} 28(Han, 2013), STEAM 20| tfat
WAL QlA] ZA} 994Kang, Lee, & Kang, 2013; Son ef al., 2012;
Oh, 2012; Lee, Kim, & Lee, 2011), STEAM 10| H}5F ma o
0|24 13 AQHKwon, Park, & Lee, 2011; Kim & Kim, 2013; Kim
et al., 2012; Kim, 2011; Park et al., 2012; Baek et al., 2011; Lee,
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Table 9. The classification of e-articles about Korean STEAM found on March 3, 2015

N EEET : Feas el Ao .

hall Aeny 5 R e A 2% 71 a3 A
at 6(5.13) 8(6.84) 1(0.85) 12(10.26) 27(23.08)
g 7(5.98) : : - : 7(5.98)
7%/ 17(14.53) 1(0.85) 2(1.71) 5(4.27) 3(2.56) 28(23.93)
ofj% 12(10.26) 3(2.56) 0.00 2171) 7(5.98) 24(20.51)
Q=0 A3 B) 3(2.56) - - 1(0.85) 4(3.42)
37 2(171) - - - 2(1.71)
EaHaalEa) 10(8.55) - 8(6.84) 6(5.13) 10.85) 25(21.37)
A 57(48.72) 43.42) 18(15.38) 14(11.97) 24(20.51) 117(100.00)

2012; Oh, 2012; Lee & Kim, 2012; Lim, 2012; Jo & Kim; 2013;
Choi et al., 2012), STEAM - 173t w74 7ik(Baek et
al., 2012; Lee & Cho, 2014) S|tk 22LfztollA 2015 3¢ 347t
A st A d 2 A g B s ss 2
7HA 3ol wet Aejshd o3t Ti(Table 9).
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