ISE 5(1): 25-48, Spring 2026

Interdisciplinary
5 st

Interdisciplinary Studies in Education

5.\

A

(ISE)
Homepage: https://ise.cfu.ac.ir | ISSN: 2980-9479

ORIGINAL RESEARCH PAPER

Teaching-Learning Strategies in Integrated STEM Education: A Synthesis

Research Study

F. Akrami*! @, P. Ahmadi?

, P. Samadi®

! PhD Student in Curriculum Planning, Faculty of Humanities, Tarbiat Modares University, Tehran, Iran
2 Associate Professor, Department of Educational Sciences, Faculty of Education and Psychology, Alzahra

University, Tehran, Iran

3 Associate Professor, Department of Educational Sciences, Faculty of Education and Psychology, Alzahra

University, Tehran, Iran

ARTICLE INFO

Received: 2025-02-24
Revised: 2025-11-03
Accepted: 2026-03-25
Available online:
2026-04-08

KEYWORDS:

Blended learning,

STEAM,

teacher role,
teaching-learning strategies,
21st century.

! Corresponding author
Fateme.akrami@modres.ac.ir
@ (+9821) 77151882

EXTENDED ABSTRACT

In the rapidly evolving and complex world of the twenty-first century,
educational systems are increasingly challenged to provide learners with the
knowledge and skills necessary to address real-world problems, technological
change, and global competition. Traditional subject-based teaching approaches often
fail to foster interdisciplinary thinking, creativity, and problem-solving abilities that
are essential for modern societies. In response to these challenges, the integrated
educational approach called Science, Technology, Engineering, Arts, and
Mathematics (STEAM) has gained increasing attention worldwide. STEAM
education emphasizes interdisciplinary integration, experiential learning, creativity,
and the application of knowledge to authentic problems. Rather than teaching
academic subjects in isolation, STEAM encourages learners to connect concepts from
different domains and apply them collaboratively in real-life contexts. Many
countries have incorporated STEAM education into their curricula in order to
strengthen innovation capacity, technological literacy, and workforce readiness
among students. Despite its growing importance, effective implementation of
STEAM education largely depends on appropriate teaching—learning strategies that
support active engagement, collaboration, inquiry, and technological integration. In
the Iranian educational context, although national policy documents emphasize active
and integrated learning approaches, classroom instruction often remains largely
traditional and discipline-centered. Moreover, previous studies have mainly focused
on the advantages of STEAM education or teachers’ perceptions, while limited
research has systematically examined the teaching—learning strategies required for
implementing STEAM in elementary education. Considering the unique structure of
elementary schooling—where a single teacher often teaches multiple subjects—this
level offers significant potential for integrated and interdisciplinary instruction.
Therefore, identifying effective pedagogical strategies is essential for enabling
teachers to implement STEAM successfully. Accordingly, the present study aimed to
identify and conceptualize effective teaching—learning strategies for integrated
STEAM education in elementary schools and to provide a practical framework to
support teachers and curriculum planners in implementing this approach.

This study adopted a qualitative approach and was conducted
using a conceptual research synthesis method. Research synthesis is a systematic
approach designed to integrate and reinterpret findings from previous studies in order
to produce new conceptual insights. Given the interdisciplinary and relatively
emerging nature of STEAM education, existing research is dispersed across different
academic fields and educational contexts. Therefore, research synthesis was selected

as an appropriate method for analyzing, organizing, and integrating existing
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knowledge on teaching—learning strategies in STEAM education. The research
sample consisted of academic studies related to STEAM education, including journal
articles and doctoral dissertations. International studies published between 2014 and
2024 and Iranian studies published between 1398 and 1403 (2019-2024) were
considered. Relevant sources were identified through systematic searches in major
academic databases, including Google Scholar, ScienceDirect, ProQuest, ERIC,
IranDoc, and SID. The initial search yielded 5,215 documents. After removing
duplicate records, 2,404 sources were excluded. In the next stage, the studies written
in languages other than Persian or English, the studies without accessible full texts,
and those unrelated to educational contexts were removed. Subsequently, the
abstracts of 174 remaining studies were examined, leading to the exclusion of 82
additional sources due to lack of relevance to the research focus. The remaining
studies were then evaluated using the CASP qualitative research appraisal checklist,
which assesses methodological rigor, clarity of research design, data collection
procedures, analytical transparency, ethical considerations, and practical relevance.
Only studies that met the required quality standards were included in the final
analysis. Ultimately, 30 high-quality studies (including three doctoral dissertations
and twenty-seven research articles) were selected for synthesis. Data analysis was
conducted using Strauss and Corbin’s grounded theory coding procedure, including
open coding, axial coding, and selective coding. During open coding, key concepts
and instructional practices were extracted from the selected studies. In axial coding,
related codes were organized into conceptual categories based on similarities and
relationships. Finally, in selective coding, overarching themes representing major
teaching—learning strategies in STEAM education were identified. To enhance the
validity of the findings, the coding process was conducted using MAXQDA software
and reviewed by academic experts and experienced elementary school teachers.

The analysis of the selected studies resulted in the identification of three
main categories of teaching-learning strategies for integrated STEAM education:
interactive—social strategies, scientific—instructional strategies, and technological
strategies. Interactive—social strategies emphasize collaboration, communication, and
collective inquiry in the learning process. These strategies include cooperative
learning activities, teamwork in heterogeneous groups, shared problem-solving tasks,
and inquiry-based exploration. Such approaches enable students to exchange ideas,
build social understanding, and develop communication and teamwork skills while
engaging in meaningful learning experiences. Scientific—instructional strategies focus
on pedagogical practices that support conceptual understanding through experiential
and multisensory learning. Two key subcomponents were identified in this category:
role-playing and simulation activities, and multisensory experiential learning.
Role-playing and simulation activities, such as educational dramatization,
scenario-based learning, and interactive demonstrations, help students visualize
abstract concepts and understand complex scientific phenomena. Multisensory
experiential learning engages multiple sensory channels, including visual, auditory,
and tactile experiences, allowing students to interact directly with materials,
experiments, and real-world situations. These strategies strengthen conceptual
comprehension and promote long-term knowledge retention. The third category,
technological strategies, highlights the integration of digital tools and engineering
practices in STEAM education. This category includes hands-on engineering and
construction activities as well as game-based and gamified learning approaches.
Engineering-oriented activities involve designing prototypes, constructing models,
applying engineering design processes, and engaging in problem-based projects that
require creativity and innovation. Game-based and gamified learning strategies use
interactive games, digital platforms, coding activities, and scenario-based challenges
to enhance students’ motivation and engagement. Collectively, these strategies create
dynamic learning environments in which students actively construct knowledge
through collaboration, experimentation, and technological exploration.

The findings of this study demonstrate that effective
implementation of integrated STEAM education requires a combination of
interactive—social, scientific—instructional, and technological teaching strategies.
These strategies collectively promote active participation, creativity, critical thinking,
and problem-solving skills among students—competencies that are essential for
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education in the twenty-first century. In particular, the integration of collaborative
learning, experiential instruction, and technology-enhanced activities can transform
classroom environments into spaces that support inquiry, innovation, and
interdisciplinary understanding. However, the successful adoption of these strategies
largely depends on teachers’ professional competencies, including their ability to
design integrated learning experiences, facilitate collaborative activities, and
effectively incorporate digital technologies into instruction. Therefore, teacher
education programs should place greater emphasis on developing pedagogical and
technological competencies related to STEAM education. In addition, professional
development programs, workshops, and training courses can help practicing teachers
gain the necessary knowledge and skills to implement STEAM-based teaching
approaches. Educational policymakers and curriculum developers should also
consider revising existing curricula to incorporate interdisciplinary learning
opportunities and provide schools with adequate technological infrastructure. Overall,
the conceptual framework identified in this study offers practical guidance for
teachers, curriculum planners, and educational policymakers seeking to implement
integrated STEAM education in elementary schools. By adopting the proposed
strategies and supporting teachers through appropriate training and resources,
educational systems can create more innovative and engaging learning environments
that prepare students for the complex challenges of the modern world.
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Figure 2. The Framework of STEAM Teaching—Learning Strategies in Primary Education in MaxQDA.

ol 5l S 5o a8 all et e Bl LIS b el (g0l 40 (5,5 ob- a0l ol )8 o Lol oyl aw dalllas ol o

~holas gl yaly (st i 05 5 Ao laadlie s )l 5 0T o Wl (B5el il 50 (cage 1B o peal,
25 200 05T (29,8 IS 5 55 Jols (s San 45 € S L 5 (5 )lat (slacelad? il s Ao 50 Jalis a5 elozz]
GRS 15 Sy chas By g (el 45 €6 S5 slacdlady 5 S oo SaS (il 5 slotzl Sl Boosd
syl sole lodal; g g o solinil ;S5 5 Al Jo Gl len Zugh el 5 20l 35 03 (29,5 g e iS
ogale ) oole medlio oiily 5 (o8 Slacsl b o sl 5 G T8 Slacllad el s Wl 55 Juls o 3
itee ol (50,5 2550 b aS gmmaan 5 (eiiz (900 5 0L (oo FEes 1) Oligel Bl S50 5wl oo los 5
paS ailyglis slos ol qppw onled o Jupd 1) (8 g ool pelie 048 00,5 5 E0ile 5 5 8 1y 6 pS ol o550 il
el g (b b oligel iils a5 slo tal € miige 5 55l slacadladd ol 55 )ls aST (g slacs,sbd 51 6 pSo e

Sl G Sose &S €5lals 5 (55b p (S LBsel 5 AL o a1 jemme (55l 5 e Sl (cwiige g 8 Slo3s



Akrami et al. (Yf) RULCEE IS

a_w u-" ...\.:560 =95 6)'.5‘-\‘[-.‘.- q...a\)s R SPTERVS 9 w‘..\.‘? mﬁii‘ wbﬁ‘ 6‘)4. |) JL...:;uo kSL“LS}L.‘-C"-:’l—“ 9 k5Lol.:.> LSL“’tS}l:‘
w.(bbﬁ p...._..u‘ 3)5.’> o ub}n]w‘b 6LﬁdM|y 9 LQU)LQ,Q c;\.!_wy &‘).v |) Eg= g LS"C Gla.ou: “_;..QL‘@ 9 Ls)l_iw L\.o)_..:al)

S oo Wyl (6 S0l cuinS Sl g a0l Sl by, Seet 1O S HBe LE § W )sl 0

G S Al g Cxy

B el o (b (1 Shgians 58 (sSigel Slails a4 4o sl Gl 5 il 9,05, SG lete 4 peil (355l
Sloplas (6 s (pizr ;0 09d oo a5 JIL jo polin Ol s g ol Sle (s gl by wanlid sla Sausn b as
D158 ez ale Sla g (o o5 S5 8 o Ao bipl Cans tr 5 458,5 ALl i log S 51 5 o350l
Qi:)’?.o—l 30 G pSob— 2ol slas al; aS ols Hlis jiegh (pl sbbadl (Y11 (K) auns b9y ol)'s.oiui;slo ol Gl
R 5 6 4l o o) g 5 o Bpnb snle ot il 10,5 g ol Al s 19 ol |y el i
ol Blaal 3i 6l by 9 w9z 6Tk Glakaze (b &g araslis aSly s il )0 (6 S0k slul g4
250,559,

2 oo i (65518 5 (Seali sloog S 50 Jolad (g len (295 slocJled sl elaizt Ly slos yal,
53l 4y 5 455, 1 ls JUi s 31 s el ol S o Ul el i elail 5 ke ol slacs o
Sl 350 Gloj il j9al 45 0ls LS (VN p)lSes 5 S gl isdion ponie (Joad g oS Lo vty (e
oo pedlae Sl (55 Gmee S35 Yl b Juls oy 1 g wal sy Jld oS Lt (895 slacdld ) ool ils oS
e (6 xSl Slaca b (silpal b b o Koal (slaog S oS S o 05T (V012) iSan 5 0o (pmizmo bl
a8 s Lol e 55 so eladm! (6 050k & Lo b laadl ol o 5501 jisls )0 dlw Jo g codd wl, sl
8510 05T (6 5a0k anl 5o siledoe g Jalas i

(s Al wiile ol lad gl oo bgrpe (suyd sl gzl gloogeds g plas GiS 4y o jgelole oo ynl,
9 (57970 2 (Ggmw dy IS > g (S Sla by 5l Heae D9 Baied LS« paaix Sosel 5 Dl S80S S g slian
39 simlos Gl B 5l oolaiul a5 wisls lid 095 iegh ;0 (Yo V) L) Ken g i, o B0, 50l od— s (6,50
g5 ol 2ilisr 650k anld 15,015 (lisel iils g 09 se s g (ige (5 yslid mnlie yigp S50 g el S2js0]

Jub 5031 5 s3lmpspie (oli anzd 3 2 ol |) S0l a0 s Jlsmem 53 TS 02 (6 S0l Ayl L el

67. Kolb



ISE 5(1): 25-48, Spring 2026 (fo) VFed jlgs o) oylos ) > oy jg0l 43 (sl y iyt oleliro ode dolilad

S9—disr § 5ol ) udle (ial8l g memlae yigy ol g wcilidre (il Sy b (i (S50l (rizean o
AR AT 1))

Pl (S w5 3llas3l it 5 b glacdled ol ol (59l cilae alaii gt 4 il gl slaoal,
Wi o Lialil ) gl zils 8 )i § 0585l sl s el ) cpl o e FgealS olio (655l8 5 (63lxe Condly (gomaw
5l eolawl a8 wiols Lis (Yo V+) o)) Ked g S wggign oS o oo (6,58 8oisSad g 4 00isS' B, ae 5l Loyl asly
e $Olld 5 3k (Fb (S (sr pleaie) )3 65Tk 05Kl Al e ge o delss Slagy L 5 Sl slagsl
ol lanls 35 Slaslre S5 dnagd )0 1) cmngianl p lagssbiobasl 5looliinl 55 (V¥ +) oo 5 dtiun 55090 090 o0
350 0T lee slocdlad 5 adly sladson 5k 51 Gisls cilo S aiies Laljoa 35 ol Sonijle & e b beazsly

1, oo el ol il 45 ol labne a3l e il 6,50 10 mail inils b jee] 3w 45 o o i paeliae Lol
29 9—=5b s,k s JUEST 51 518 b oje cul 5o plae S i oS 2l o po (NS 50 ABMS 5 wiedue (Al & )50y
g 3 (Vo V) )l8en 5 552 S 08T (5 )Lie (6,5 3b S ppte 9 105598 5l oaliin] 59l (b (Lo s A
9 &I Bae (il o o] ool &8 i b oS ailes,S oSk Oledrs (sl (slad,> dnngi SLul sloo 90 Coonl 095>
loo,90 50 S, b aS ols Las (Vo VYY) lshws fuizmad 050 oo sl (3550l 50 (LT slasaiailys sli5 )| g «5 30,0l
wgdien shizel glacdld Sk o plele aal Sogs Gl corge el (bj50] las

Wl g il j5lid 5 sole o Jolad (gloo punl, 51 (6 yF0 50 b uuial Sojgel 45 aims o Lt (hmghy cnl laatil «Zolys o
ol 3825 Ll 53,1 ool 3 fjgalils jo alass o g golinil [Sa5 2oBls csanaiz sloloe drusgs (sl cmilin (5 i
2 e sy sl (b g o mjlae Bl)ks slacs b ) Sl jg e elre Cun 3 LSl 0 (6,550 4 byt (Slas
Lol (5,570 25 5 (580

2 9l CeieS S gy ) loliiin qurisl (EelS (33900 (5 S0l (ool sl pal) AlFA Sl 4 4z g
9 Molliye yine Slalllas 4 bl b asly ;o> ghy laandl bl el & bolgiing (pl 0sd oo Sl olal 390
sl (el Slacsbu 5 plae S ooy iyt o S jloaine b wload ool (5o
99708918 jgal (b sla e Cogii g LKim b olKtils sy Aoy 50 sl adlie Gaili plae S 50 (6,550
sl 65975 ounl Gleles (sl (lalas
Cendly 5 53Lwylasil mmgiaS wile g8 sl Il (jgal sl DaslisS (sl 90 il gLl Caors pad 5lo0,90 55T



Akrami et al. (f%) RULCEE IS

oy il 3o (S5 de 6550k 5 (55l o o25)F lacled (WS 1wy doliy o (AoleS Lo ]y Gedli
IS o Zagh | ligel sils (ol Sas g elazz slacs e o yd sloasl

25 el il (53501 550 izl sl pladae B 5 o glocs Lo gy uils JLS o yladeo (Tylgo sty gl
2 yS 8 azgi 0550 )l g Canyi anly

(350l Gl l3Ble 5 5 gamans Syle atile ngi slalil 4 Qlal oyl Sz et dilyglis (slocs lury j () gy

93l ol 3 |y el (Bl (35900 (gl i

OB S g8 &5 ylheo

o..\.J.uu“}J | 009 Jle 4.:.]9‘ Frw u,u)lf.: 9 CJL.) M 9 J.».l;u osly G)BTé‘“’? ‘LJ"'Q?)" 4.«.)9‘ 6)|QJJOAJ| J}M J5‘ cMs.S
C)Lo‘ 9 QS“HJL 9 Mj)" ‘SML_HJ‘JA:S) O g ‘GQJ.C 6Lbo)9lm 43‘)‘ L ()BL.MA JL«_..J‘) P o owy ] Al J)LM s

Wlos ;S ol g andllae 1) allie sl asens B0y coles ol arils 2 allie

(1) 98 5 555

3akewy cpay anles 18,08 wileras Wilosgs lu )b Giogh onl plxl jo aS g0l 3l eles 5l als co p3Y 09> Baus s
Iy o295 opl plonl jus 395 ole slaculas 5 0uijle slanis o)l o oleal, b oS ool 5 Llaialy 5 sex )l loben
D950 ()l Rl g ;S5 Sl lsan

&8l o)

ol oazs by ey bawg @il o)l AT e

&Lw

Dy olK231s 1) 5 o Lk 9 oL o o els sy dalipg (VE+F) L ppg i ecs00]

Sl OIS AL iy teliyy 0 (51 42y oo 005, wmrpd toliyy lyimo codilojlo 5 L (VY1) 2 (g0l

Byl 10l 5 (goazme Som Aoz 5 ol 05l g lo g, ( lice 4 a0 A4S Gudnd g, Jaol (VYR*) . Codsz )55 5 ol ¢l 2]
i lalllae 5 ol pole

NNV (YR a9y Sigel ate pllis 5550 il Sojgal lo0,Sog, (Ve +)  ledorme ol st 5 (g0l (2l )5

osls foas jazie 6155 &bobbl L o 0,50 0 pie) Al o dolip 65 miwlic] 5 b (VEr ) e (2l

SEIE SR



ISE 5(1): 25-48, Spring 2026 (fV) VFed jlgs o) oylos ) > oy jg0l 43 (sl y iyt oleliro ode dolilad

Aguilera, D., & Ortiz-Revilla, J. (2021). STEM vs. STEAM education and student creativity: A systematic literature
review. Education Sciences, 11(7), 331.

Akran, S. K., & Asiroglu, S. (2018). Perceptions of teachers towards STEM education and the constructivist education
approach: Is the constructivist education approach preparatory to STEM education? Universal Journal of
Educational Research, 6(10), 2175-2186.

Barnes, J., FakhrHosseini, S. M., Vasey, E., Park, C. H., & Jeon, M. (2020). Child-robot theater: Engaging elementary
students in informal STEAM education using robots. IEEE Pervasive Computing, 19(1), 22-31.

Belbase, S., Mainali, B. R., Kasemsukpipat, W., Tairab, H., Gochoo, M., & Jarrah, A. (2021). At the dawn of science,
technology, engineering, arts, and mathematics (STEAM) education: Prospects, priorities, processes, and
problems. International Journal of Mathematical Education in Science and Technology, 1-37.

Chalmers, 1., Hedges, L. V., & Cooper, H. (2002). A brief history of research synthesis. Evaluation & the Health
Professions, 25(1), 12-37.

Choi, J., Grossman, S., King, K. B., Jackson, J. R., Kessler, T. C., Alemdar, M., & Usselman, M. (2024). Evolution of a
STEAM teacher training program. Journal of STEM Outreach, 7(1), 1-15.

Cook, K. L., &Bush, S. B. (2018). Design thinking in integrated STEAM learning: Surveying the landscape and exploring
exemplars in elementary grades. School Science and Mathematics, 118(3-4), 93-103.

Eltz, J. (2016). Analyzing the attributes of Indiana's STEM schools [Doctoral dissertation], Indiana State University.

Farwati, R., Metafisika, K., Sari, I., Sitinjak, D. S., Solikha, D. F., & Solfarina, S. (2021). STEM education
implementation in Indonesia: a scoping review. International Journal of STEM Education for Sustainability,
1(1), 11-32.

Fathoni, A., Muslim, S., Ismayati, E., Rijanto, T., & Nurlaela, L. (2020). STEM: Innovation in vocational learning. Jurnal
Pendidikan Teknologi dan Kejuruan, 17(1), 33-42.

Giil, K. S., & Tasar, M. F. (2020). A review of researches on STEM in preservice teacher education. Il1kogretim Online,
19(2), 515-539 .

Harris, A., & De Bruin, L. R. (2018). Secondary school creativity, teacher practice and STEAM education: An
international study. Journal of Educational Change, 19(2), 153-179.

hee Kim, B., & Kim, J. (2016). Development and validation of evaluation indicators for teaching competency in STEAM
education in Korea. Eurasia Journal of Mathematics, Science and Technology Education, 12(7), 1909-1924.

Hlukhaniuk, V., Solovei, V., Tsvilyk, S., & Shymkova, I. (2020, May). STEAM education as a benchmark for innovative
training of future teachers of labour training and technology. In Society, Integration. Education. Proceedings of
the International Scientific Conference, 1, 211-221.

Hsiao, P. W., & Su, C. H. (2021). A study on the impact of STEAM education for sustainable development courses and
its effects on student motivation and learning. Sustainability, 13(7), 3772.

Hu, W., & Guo, X. (2024). Construction and practice of STEM education system for primary and secondary schools. In
I. U, Wardani & Hastowohadi, Disciplinary and interdisciplinary education in STEM (pp. 81-101). Springer.

Huang, B., Jong, M. S.-Y., Tu, Y.-F., Hwang, G.-J., Chai, C. S., & Jiang, M. Y. C. (2022). Trends and exemplary practices
of STEM teacher professional development programs in K—12 contexts: A systematic review of empirical studies.
Computers & Education, 189, 104577.

Jesionkowska, J., Wild, F., & Deval, Y. (2020). Active learning augmented reality for STEAM education—A case
study. Education Sciences, 10(8), 198.

Jho, H., Hong, O., & Song, J. (2016). An analysis of STEM/STEAM teacher education in Korea with a case study of two
schools from a community of practice perspective. Eurasia Journal of Mathematics, Science and Technology
Education, 12(7), 1843-1862.

Jung, Y. K., & Hong, H. (2020). A theoretical need for applying flipped learning to STEAM education. Journal of
Problem-Based Learning, 7(1), 42-49.

Kang, N. H. (2019). A review of the effect of integrated STEM or STEAM (science, technology, engineering, arts, and
mathematics) education in South Korea. Asia-Pacific Science Education, 5(1), 1-22.

Kartini, D., & Widodo, A. (2020). Exploring elementary teachers’ and students’ beliefs and readiness toward STEAM
education. Mimbar Sekolah Dasar, 7(1), 58-69.



Akrami et al. (fA) RULCEE IS

Kennedy, J., Lee, E., & Fontecchio, A. (2016, October). STEAM approach by integrating the arts and STEM through
origami in K-12. In 2016 IEEE Frontiers in Education Conference (FIE) (pp. 1-5). IEEE.

Khine, M., & Areepattamannil, S. (2019). STEAM education. Springer.

Kim, B. H., & Kim, J. (2016). Development and validation of evaluation indicators for teaching competency in STEAM
education in Korea. Eurasia Journal of Mathematics, Science and Technology Education, 12(7), 1909-1924.

Li, Q., Guan, X., Wu, P., Wang, X., Zhou, L., Tong, Y., ... & Feng, Z. (2020). Early transmission dynamics in Wuhan,
China, of novel coronavirus—infected pneumonia. New England Journal of Medicine, 382(13), 1199-1207.

Liao, C., Motter, J. L., & Patton, R. M. (2016). Tech-savvy girls: Learning 21st-century skills through STEAM digital
artmaking. Art Education, 69(4), 29-35.

Mengmeng, Z., Xiantong, Y., & Xinghua, W. (2019). Construction of STEAM curriculum model and Case Design in
kindergarten. American Journal of Educational Research, 7(7), 485-490.

Monkeviciene, O., Autukeviciene, B., Kaminskiene, L., & Monkevicius, J. (2020). Impact of innovative STEAM
education practices on teacher professional development and 3-6 year old children’s competence
development. Journal of Social Studies Education Research, 11(4), 1-27

Park, H., Byun, S. Y., Sim, J., Han, H. S., & Baek, Y. S. (2016). Teachers’ perceptions and practices of STEAM education
in South Korea. Eurasia Journal of Mathematics, Science and Technology Education, 12(7), 1739-1753.

Quigley, C. F., Herro, D., King, E., & Plank, H. (2020). STEAM designed and enacted: Understanding the process of
design and implementation of STEAM curriculum in an elementary school. Journal of Science Education and
Technology, 29(4), 499-518.

Schmitt, T. M., & Rojewski, J. W. (2016). Influence of stem enrichment activities on 3rd-5th grade students'
engineering identity [Doctoral dissertation], University of Georgia.

Silva, M. J., Rodrigues, M., & Tempera, T. (2024). Framework for a research-based and interdisciplinary use of sensors
in elementary teacher education. Sensors, 24(17), 5482.

Sirajudin, N., & Suratno, J. (2021, March). Developing creativity through STEM education. Journal of Physics:
Conference Series, 1806( 1), 012211).

Tekin, O. G., & San, 1. (2023). Teachers’ basic knowledge level of STEM education. African Educational Research
Journal, 11(4), 580-587.

Ugras, M. (2018). The effects of STEM activities on STEM attitudes, scientific creativity, and motivation beliefs of the
students, and their views on STEM education. International Online Journal of Educational Sciences, 10(5), 165-
182.

Ussher, S., Burns, K., Carter, C., Stint, C., & Veart, L. (2023). An evaluation framework for STEAM processes: A
methodology to assess the effect and effectiveness of STEAM activities developed by the STEAM INC project.
Birmingham City University.

Velychko, V. E., Kaydan, N. V., Fedorenko, O. G., & Kaydan, V. P. (2022, June). Training of practicing teachers for the
application of STEM education. In Journal of Physics: Conference Series (Vol. 2288, No. 1, p. 012033). IOP
Publishing.

Yakman, G. (2008). STEAM education: an overview of creating a model of integrative education, in Pupils' Attitudes
Towards Technology (PATT-19) Conference: Research on Technology, Innovation, Design and Engineering
Teaching (Salt Lake City, UT).



