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Abstract

The Fourth Industrial Revolution of the twenty-first century has been a unique era of
technological advances and spread of globalization that surpassed the events in previous decades.
Recently, throughout the world, the Covid-19 pandemic is emerging as an urgent problem that
needs groundbreaking solutions from science and industry. Educators around the world
endeavour and make every effort to educate the next generation of students to become science
literate and take interest in subjects such as science, technology, engineering, and mathematics
(STEM) in the face of increased economic competitions. However, these subjects are not to be
taught separately but to be integrated into a cohesive interdisciplinary approach. This approach
connects among discrete disciplines and converges into an entity, known as STEM integration.
Many jobs that are being taught now will become unnecessary tomorrow, so new educational
models are needed to correspond to the changing paradigm of industrial production. Globally,
interdisciplinary and transdisciplinary learning in schools has become an increasingly popular
and growing area of interest for educational reform. Recently, many discussions about Science,
Technology, Engineering, Arts and Mathematics (STEAM), which is shifting educational
paradigms toward art integration in STEM subjects. Many educators see STEAM as a way to
engage students with interdisciplinary topics and to promote development professional skills
within the school curriculum. This paper will provide an overview of STEM/STEAM education
which has been proposed, studied, and implemented in the US K-12 educational system.

Tom tat:

Trong thé ky 21, sy tac dong ciia khoa hoc cong nghé vao doi sdng ciia con ngudi ngiy cang sau
sic hon bao gio hét, cing v6i sy toan cau hoa va lan séng cong nghiép 4.0 dang khién cac qudc
gia tim loi thé canh tranh trén nén tang khoa hoc cong nghé cho minh. Pai dich COVID-19 dang
dién ra trén khip thé gidi va cudc chay dua dé tim cac giai phap Gng phé vuot qua khing hoang
12 minh chtng cho thdy vai tro va sttc manh ctia khoa hoc va cong nghé dbi vai thé gidi chung ta
dang séng. Gido duc vi thé ciing c6 nhiing thay ddi quan trong va cap thiét trong cach tiép can dé
trang bi cho nhiing thé hé cong dan mdi. Mot trong nhing cach tiép can méi c6 tinh chién luoc
d6 1a giap cho hoc sinh c6 duoc nhing kién thuc tich hop, di nang luc va k¥ ning vé cac moén
khoa hoc (Science), cong nghé¢ (Technology), k¥ thuat (Engineering) va toan (Mathematics)



(STEM) dé giai quyét nhitng van dé lién nganh (interdisciplinary) va xuyén nganh
(transdisciplinary) phtc tap trong thé gi¢i méi. Khai niém gido duc STEM d4 ra doi tai Hoa Ky
nhimg nam dau thé ky 21 va ngdy cang tré nén quan trong trong hé théng gido duc phd thong va
dai hoc tai nhiéu qudc gia trén thé gidi. Gido duc STEM khong chi dirng & viée tao ra cac co hoi
cho hoc sinh dugc thyc hanh, trai nghiém thuc té nhiéu hon so véi true, ma quan trong hon dé
1a danh thtre va nudi dudng tu duy sang tao, k§ nang giai quyét vin dé duwa trén nén tang tmg
dung khoa hoc cong nghé. Gan day, gido duc STEM da c6 su két hop véi cadc mon nghé thuat
(Arts) tao thanh STEAM dugc xem 1a mdt xu hudng maéi trong gido duc hién dai. Bai tham luan
trinh bay khai quat vé nhitng chinh sach, nghién ctru gido duc STEM/STEAM va thuec tién trién
khai trong hé thdng gido duc phd thong tai Hoa Ky.

1. GIAO DUC STEM LA GI? (WHAT)
Lich s ra doi cua khdi niém gido duc STEM:

Trong cac hoi nghi gido duc STEM thuong nién tai My ma t6i ¢6 dip tham dy, moi nguoi
thudng hay nhic lai lich sir ra doi chit STEM. D6 1a mét tinh hudng kha hai hudc. Vao nhing
nam 1990, quy nghién ctru quéc gia My (NSF) c6 cac chuong trinh hd tro cho cac nhdm nganh
Khoa hoc (Science), Toan (Mathematics), Ky thuat (Engineering) va Cong nghé (Technology).
Vi phai viét lap lai nhiéu 1an, nén nguoi soan thdo van ban phai viét tat thanh SMET. Trong mot
budi bao cao gisi thidu vé chuong trinh, nhan vién NSF doc SMET nghe 4m gan gidng chir smut
(nghia 14 vét nho, bénh than) nghe ky qua, nén moi ngudi dé nghi nén sip xép lai trat tu cac chir,
va viét SMET thanh STEM. Pén nam 2001, viéc sir dung thuat nglt STEM duogc NSF chinh thuc
gi6i thiéu boi Judith Ramaley, ngudi luc d6 1a giam ddc NSFL. Mic du vay chit nay ciing dé bi
14n 16n voéi chit viét thuong stem trong stem cell (t€ bao gdc), nén moi ngudi dé nghi viét STEM
phai di kém véi cac thuat ngir theo nd, nhu STEM education, STEM fields, STEM careers. Vé
sau giao duc STEM dugc tap trung nhiéu, di tir K-12 (chuong trinh pho thong) cho dén K-16.
(chuong trinh dai hoc).

Nén tang ctia gido duc STEM chinh 14 gido duc khoa hoc (Science education). Chinh gi4o
duc khoa hoc 1a linh vuc dé xuét ra cac chuong trinh gido duc STEM hién nayz. Tai My, gido duc
khoa hoc duoc xem 1a nganh khoa hoc nghién ctru co ban va nén tang gitip ddy manh nén khoa
hoc tir gbc ré 1a con ngudi théng qua dio tao gido vién day khoa hoc va xay dung cac chuong
trinh gido duc tir chinh quy (formal) va khong chinh quy (informal) bit dau cac chuwong trinh
giao duc mam non dén béc dai hoc, tir gia dinh dén cac hoat dong gido duc khoa hoc ngoai xa

1 Breiner, J. M., Harkness, S. S., Johnson, C. C., & Koehler, C. M. (2012). What is STEM? A discussion about conceptions of STEM in education and
partnerships. School Science and Mathematics, 112(1), 3-11.

2 National Research Council. (2011). Successful K-12 STEM education: ldentifying effective approaches
in science, technology, engineering, and mathematics. National Academies Press.



hoi®. T6 chirc uy tin nhat hién nay trong linh gido duc khoa hoc trén thé giéi 1a Hiép hoi cac gido
vién day khoa hoc qudc gia My (National Science Teachers Association - NSTA) dugc thanh 1ap
nam 1944, da dé xuét ra khai niém giao duc STEM (STEM education) véi cach dinh nghia ban
dau nhu sau:

“STEM education is an interdisciplinary approach to learning where rigorous academic
concepts are coupled with real-world lessons as students apply science, technology, engineering,
and mathematics in contexts that make connections between school, community, work, and the
global enterprise enabling the development of STEM literacy and with it the ability to compete in
the new economy. (Tsupros, Kohler, & Hallinen, 2009)*

Tam dich:

“Gi&0 duc STEM la mét cach tiép cdn lién nganh trong qud trinh hoc, trong dé cdc khdi niém
hoc thudt mang tinh nguyén tic dwoc long ghép véi cac bai hoc trong thé gidi thue, ¢ dé cdc hoc
sinh dp dung cdc kién thirc trong khoa hoc, cong nghé, kj thudt va todn vdo trong cdc boi canh
cu thé, gip két néi giiva trieong hoc, cong dong, noi lam viéc va cdc té chive toan cau, dé tir do
phat trién cac nang luc trong linh viee STEM va ciing voi dé cé thé canh tranh trong nén kinh ké
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T cach dinh nghia trén, ¢6 3 ddc diém quan trong khi néi vé gido duc STEM:

1. Céch tiép cén lién nganh. Xin luu y “lién nganh” khéac véi “da nganh”. Mic du ciing 14
¢6 nhiéu nganh, nhiéu linh vuc nhu “lién nganh” thé hién su két nbi va bo trg 13n nhau
trong cac nganh®. Do vay, néu mot chuong trinh hoc, mot truong hoc chi c6 nhiéu mon,
nhiéu gi4o vién day cac nganh khac nhau ma khong ¢ su két ndi va bo trg 1an nhau thi
chua dugc goi 1a gido duc STEM.

2. Long ghép véi cac bai hoc trong thé gi6i thwe. D6 13 thé hién tinh thyc tién va tinh tng
dung kién thirc trong giai quyét cac van dé cua thuc té. O day, khong con rio can cua viée
hoc kién thtrc 1y thuyét v6i ing dung. Do vy, cac chuong trinh gido duc STEM nhét
thiét phai hudng dén cac hoat dong thyc hanh va van dung kién thirc dé tao ra san phém
hodc giai quyét cac van dé cua thuc té cudc song.

3. K&ét noi véi cong dong tai dia phwong va toan ciu. Do 1a ky nguyén cua thé gidi
phang, sy lién lac gitta cac cac nhan d& dang hon, nhitng van dé duoc day duoc két ndi
v6i cac van dé cua dia phuong va clia ca toan cau khi lan song cong nghiép 4.0 dang dién

3 Basham, J. D., Israel, M., & Maynard, K. (2010). An ecological model of STEM education:
Operationalizing STEM for all. Journal of Special Education Technology, 25(3), 9-19.

4 Tsupros, N., Kohler, R., and Hallinen, J. (2009). STEM education: A project to identify the missing
components, Intermediate Unit 1 and Carnegie Mellon, Pennsylvania.

5 Clark, B., & Button, C. (2011). Sustainability transdisciplinary education model: interface of
arts, science, and community (STEM). International Journal of Sustainability in Higher
Education, 12(1), 41-54



ra khip moi noi®. Do vdy, qua trinh gido duc STEM khong chi huéng dén van dé cy thé
ctia dia phuong ma phai dit trong méi lién hé voi bdi canh kinh té toan cau va cac xu
hudng chung cua thé gidi. Vi du: bién ddi khi hau, ning luong tai tao, an ninh luong
thyc, ngudn nude ngot cho con ngudi... Trong bai phat biéu ra truong tai DPH Harvard
nam 2017, Mark Zuckerberg ciing di noi vé sy quan trong cia két ndi toan ciu. rang:
“Progress now requires humanity coming together not just as cities or nations, but also
as a global community...By increasing the diversity of our ideas and strengthening our
common understanding, our community can have the greatest positive impact on the
world... This is not a battle of nations, this is a battle of ideas”. Tam dich: “Su tién bo
gior dy can ca yéu td nhan vin di chung, chtr khong chi 1a giita cac thanh phd hay cac
qudc gia, ma d6 13 mot cong dong toan cau....Bing viée gia ting sy da dang trong cac
tudng cua chiing ta va 1am siu sic hon su hiéu biét chung, cong dong cta chung ta c6 thé
mang lai mot anh hudng 16n nhat ddi véi thé gidi...that sy d6 khong phai 1a cude chién
gita cac quc gia, d6 1a cudce chién giita cac ¥ tuong”.

Nhu vy, cach dinh nghia vé gido duc STEM néi dén mot cach tiép can lién nganh, lién
mon hoc trong mot chuong trinh dao tao, cu thé phai c6 bdn linh vyue: Khoa hoc, cong nghé, ky
thuat va toan. Gido duc STEM giup hoc sinh nhén théy duoc tAm quan trong cua kién thirc cac
mon khoa hoc, todn va cong nghé va hudng dén su van dung ky thuat trong viéc giai quyét cac
van dé. Gido duc STEM tai My kha da dang va dugc day theo chii dé. Khong chi c¢6 hoat dong
day 1am robot méi dugc xem 1a giao duc STEM. Ngay nhiing tré em mau gido, tiéu hoc ciing da
duoc hoc cac chuong trinh tich hop STEM, vi du nhu thong qua cac trd choi lam mo hinh nui
ltra, lam bong bong bay, 1am chong chong quay... Mac du chi 1a céc tro choi don gian, nhung
dugc xay dung va td churc c6 hé théng va c6 su két ndi cac nhom kién thirc véi nhau. Muc dich
chinh cua cac chuong trinh gido duc STEM khong phai dé dao tao ra cac nha khoa hoc, nha toan
hoc, k¥ sur ma chinh 1a nim & truyén cam himg trong hoc tap, thdy dugc mdi lién hé giira cac
kién thire (nhét 1a kién thurc khoa hoc va toan), va nhan thic duoc tam quan trong cua cac kién
thirc STEM anh huong dén thé gidi va sy phat trién cta xa hoi thyc tai va trong twong lai. Ngoai
ra, cac k¥ nang thyc hanh khoa hoc va k¥ thuat (Science and Engineering practices) cling gop
phan quan trong trong viéc van dung céc kién thirc duge hoc trong viée giai quyét van dé va tao
thanh san pham. O M¥ gido duyc tich hop STEM & bac pho thong khong phai dé dao tao hoc sinh
theo chuyén nganh hep tir sém, ma chinh la hudng dén mot chat lugng cua sy nhan thirc va hiéu
biét trong linh vuc STEM, goi 1a STEM literacy (tam dich 1a nang lyc STEM pho thong)’.

6 Lasi, H., Fettke, P., Kemper, H. G., Feld, T., & Hoffmann, M. (2014). Industry 4.0. Business &
Information Systems Engineering, 6(4), 239.

7 (Trong ngén ngt, literacy dwoc hidu Ia ky nang doc viét, nghia 1a c6 thé st dung duoc, & day STEM literacy dwoc hiéu theo
nghfa rong 1a kha nang vira hiéu va van dung cac kién thirc phd thong trong bén Iinh viec STEM. Mot s6 tac gia Viét Nam dich
literacy la k§ nang la chwa ré nghia va thiéu chuén xac)
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Hinh 1. Dién dan va trién lam gido duc STEM do Hiép héi gido vién khoa hoc Hoa Ky (NSTA)
diege t6 chire hang nam, dwoc xem la s kién 16n nhat trong nganh, quy tu hon 20 ngan cdc nha
gido duc, s pham va chuyén gia trong linh viee gido duc STEM trén khdp thé gidi.

2. TAI SAO GIAO DUC STEM LAI QUAN TRONG? (WHY)

Gi4o duc STEM quan trong vi nén kinh té twong lai ctia cac qudc gia, su thinh vuong
chung cta nhan loai phu thudc vao rat nhiéu su tién bo va phat trién cua khoa hoc, cong nghé, k¥
thuat va toan hoc, trong tiéng Anh ngudi ta thuong goi 1a “economic driver”. Cac linh vue nhu
ndng nghiép, thuc pham, chiam soc stc khoe, san xuat hang hoa, trao ddi théng tin chic chin
khong thé khong thiéu duoc trong mot cude sdng xa hoi con ngudi ngay nay. Mic du, diéu do da
la quan trong tir hang thé ky nay, nhung tai sao bay gid chung ta lai phai tiép tuc néi vé n6? Bai
vi, nhu cau vé viéc 1am hién nay trong cac nganh nay dang ting cao, va du bao tiép tuc ting
trong hang chuc nhu nim t6i. Mot thyc té rd rang, d6 13 & My nhitng cong viéc trong céc linh
vuc STEM dang dugc tra luong trung binh cao hon cac linh vuc khac®,

8 Xue, Y., & Larson, R. C. (2015). STEM crisis or STEM surplus? Yes and yes. Monthly labor review,
2015.



Céach mang cong nghiép 1an tht tu dang dién ra thong qua hang loat cac phat minh va su
phat trién nhay vot trong céc linh vuc nhu: Internet van vat (IoT), tri tu¢ nhan tao (Al), thuc té a0
(VR), tuong tac thuc tai 40 (AR), mang xa hdi (Social), di dong (Mobile), phan tich dir li¢u 16n
(analytics of big data) va dién toan ddm mdy (Cloud) (viét tic thanh SMAC)... dé chuyén héa
phan 16n thong tin thé gidi thyuc thanh thé gisi s6. Cum tir cong nghiép 4.0 (Industrie 4.0 - theo
tiéng Pirc) duoc thu tudng Dirc Angela Merkel nhic dén trong Dién dan kinh té thé gidi tai
Davos thang 1/2015. Cudc cach mang cong nghiép 4.0 dang tac dong manh mé trén nhiéu linh
vuc va nhiéu qubc gia®. Trong twong lai c6 nhiéu viéc lam chén tay s& khong con nita, dugc thay
thé bang robot, nhung ciing s& c6 nhitng nganh nghé mai ra doi véi tng dung méi mé cia ki
thuat s6 ma chiing ta van chua hinh dung hét dugc, ching han nhu nghé bac si cho robot. Trong
d6, nganh cong nghiép ché tao van tiép tuc dong vai trd chu dao cho sy phat trién kinh té cua
toan cau. Hon 90% céc dau tu trong linh vuc nghién ctru va phat trién nam & linh vyuc ché tao™.
Du kién trong 15 nam t6i, muc tiéu thu hang hod toan cau sé ting gap doi, dat 64 nghin ti USD,
dan dén nhu cau vé cac hang hoa va dich vu ngay cang cao®'. Xuit phét tir nhitng thay d6i trong
nén kinh té, cac k¥ ning ciia nguoi lao dong ciing doi hoi phai thay doi dé dap tmg cho phu
hop2.

Trong xu hudng ciia cach mang cong nghiép 4.0, ngudn lao dong chit lwong cao khong
chi can c6 kién thirc chuyén nganh ma doi hoi co su hiéu biét cua lién nganh (interdisciplinary)®.
Ngoai ra cac k¥ ning st dung kién thirc dé giai quyét van dé, tao san pham sang tao va lam viéc
nhom ngay cang duoc dé cao. Trong khi d6, anh hudng cta khoa hoc, cong nghé, dic biét cong
nghé thong tin dan chiém wu thé trén moi mat cua doi séng. Gido duc STEM 1a mot hudng tiép
can méi gitp trang bi cho hoc sinh nhitng kién thirc can thiét lién quan dén 4 linh vuc 14 khoa
hoc (Science), cong nghé (Technology), k¥ thuat (Engineering) va toan (Mathematics). Cac kién
thirc va k¥ ning nay goi 13 niang luc STEM (STEM literacy). Piém ndi bat cia STEM 1a két ndi,
lién h¢ thong tin giira cac linh vyc vao trong thyc té cudc song.

9 Drath, R., & Horch, A. (2014). Industrie 4.0: Hit or hype?[industry forum]. IEEE industrial electronics
magazine, 8(2), 56-58.

10 The McKinsey Global Institute (MGI) - 2012

11 https://hbr.org/2015/10/the-future-and-how-to-survive-it

2 Davies, A., Fidler, D., & Gorbis, M. (2011). Future work skills 2020. Institute for the Future for University
of Phoenix Research Institute, 540.

13 Borrego, M., & Newswander, L. K. (2010). Definitions of interdisciplinary research: Toward graduate-
level interdisciplinary learning outcomes. The Review of Higher Education, 34(1), 61-84.



Dao luat “America COMPETES” nam 2007 (America COMPETES Act) dugc Qudc hoi
Hoa Ky thong qua nham vé thuc day Khoa hoc, Cong nghé va Gido duc ciia Hoa Ky (America
Creating Opportunities to Meaningfully Promote Excellence in Technology, Education, and
Science Act). Tong thong Barack Obama nam 2010 di c6 bai phat biéu nhan manh tam quan
trong cin déy manh gido duc STEM ¢ céc trudong phé thong dé tao ra mot thé hé 1anh dao toan
cau trong sy phat trién ciia nén kinh té trong thé ky 21. Theo cac bao cao mdi nhat cuia Hoi dong
gido duc Hoa Ky (Education Commission of the States - ECS), tir nim 2017 dén nam 2027, ti 1¢
viéc lam trong nhom nganh STEM tang 13%, trong khi d6 cdc nhém nganh khong phai STEM
chi tang 9%. Ngoai ra, 93% cac cong viéc trong nganh STEM ciing c6 mutrc lwong cao hon mirc
trung binh cta cac nganh nghé. Chinh vi 1& d6, hiép hoi cac nha khoa hoc cip tién My (AAAS)
ngay sau d6 da dé ra chién luoc nghién ciru va phat trién gido duc STEM hudng dén muc tiéu
nam 2061 (Project2061) dé toan dan My déu c6 ning lyc va hiéu biét vé STEM mang tinh phd
quat (STEM literacy). Cung chinh phu, cac t6 chitc va doanh nghiép xa hoi déu c6 nhiéu chuong
trinh tai tro va dau tu chl trong vao cai cach giao duc STEM tir mam non (kindergarten) dén sau
tién si (postdoctoral) trén khap nudc My trong sudt mot thap nién qua. Trong d6 co thé ké dén
cac quy nghién ctru l6n nhu National Science Foundation (NSF), Project Lead the Way (PLTW),
National Aeronautics and Space Administration (NASA), Vién strc khoe qudc gia (NIH) danh rat
nhiéu tién cho x4y dyung cac chuong trinh gido duc va dio tao gido vién.

Qua trinh day va hoc lién nganh (interdisciplinary) s€ tr¢ thanh dac trung ctia xu hudng
gido duc tuong lai, trong d6 s& co nhitng nganh nghé cii mat di, va s& c6 nhirng nganh nghé méi
ra doi. Qua trinh day va hoc STEM ciing can linh hoat va dit trong mot hé sinh thai hoc tap
STEM (STEM learning ecosystem) da dang va gan lién v6i bdi canh phat trién cua kinh té - x4
hoi.

3. GIAO DUC STEM PUQC TRIEN KHAI TAI HOA KY NHU THE NAO ? (HOW)
Day hoc chii trong trdi nghiém thwc hanh (hands-on)

Céc 16p hoc STEM luén chil trong cac k¥ nang thyc hanh va trai nghiém thyc té (trong tiéng Anh
goi chung d6 1a Hands-on). Pé gitp hoc sinh ¢6 thé c6 duoc nhitng trai nghiém thuc té, trude
hét, cac 16p hoc STEM pho thong tai My duoc trang bi day du cac thiét bj va ngudn tai nguyén
hoc tap dé hoc sinh c6 thé ty tién hanh céac thi nghiém hodc cac 16p hoc duoc to chirc ¢ ngoai 16p
hoc nhu di tham quan s¢ thu, tham vién bao tang.... Thong qua hoat dong thi nghiém, hoc sinh
rén luyén k¥ ning quan sat, 1iy sb liéu va ghi chép.
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Hinh 2. Cdc em hoc sinh I6p 3 dang tién hanh khéo sat thi nghiém vé tinh tham hiit ciia céc vat
lieu khac nhau. Thong qua thi nghiém nay, giao vién goi mo cac cdu hoi giup hoc sinh quan sat,
thu thdp s6 liéu va tdp tranh ludn (argumentation) vé cdc gid thiét ban dau.

Luén bét diu bang nhirng muc tiéu hoc tip cu thé

Trude khi bit ddu vao viée soan bai day STEM, cac gido vién & M¥ ludn xéac dinh nhing
két qua hoc tap mong mudn hoc sinh ciia minh dat duoc sau khi két thuc budi hoc hodc mét
chuong trinh hoc. Nhitng muyc tiéu d6 thuong dugc dua trén mot bg tiéu chuan trong giao duc
khoa hoc theo timg bang hoic theo hé thdng tiéu chuan chung cua lién bang. Viéc xay dung cac
muc tiéu hoc tap dua trén cac tiéu chuan nay gitp cho cic bai soan STEM cua cac gido vién &
M§¥ c6 tinh hé thong chit ché rat cao, dam bao duge tinh ké thira tir cac bai hoc trudc do, ciing
nhu gitip hoc sinh dat duge nhing két qua méi t6t hon.

Vi du: theo tiéu chuan NGSS, mét trong nhitng muc tiéu hoc tap danh cho trinh d6 mau gido dén
16p 2 @6 1a hoc sinh thuc hién khao sat c6 tinh khoa hoc dé tim ra nhitng bang ching chimg minh
su dao dong cua cac vat li¢u gitp tao ra am thanh va nguoc lai am thanh cling l1am cho céc vat
li¢u khac dao dong. Dua vao ti€u chuan nay, gido vién co thé dit ra nhirng muc ti€u hoc tap da



dang khac nhau phu hop véi bdi canh cu thé cua 16p hoc. Gido vién cod thé dit muc tiéu hoc sinh
thiét ké thiét bi truyén am, hoac quan sat sy dao dong cua nudc dudi tdc dong cia am thanh.

Hinh 3. Cdc hoc sinh trong gio- hoc STEM luén dwoc khuyén khich van dung cdc ky nang thice
hanh khoa hoc va ky thuat (Science and Engineering Practices) nén khong gia lop hoc kha linh
hoat cho cdc hoat dong hoc tap da dang cua hoc sinh.

Xay dung bai hoc dwra trén nhirng tinh hudng thue té cudc song

Nhing ciu chuyén hodc nhiing van dé xay ra trong thuc té luén dugc cac gido vién chon
loc va dwa vao trong cac bai hoc STEM. Chang han, hién twong hé tir thin xuét hién & cac thanh
phé 16n duoc dua vao bai hoc ciu tric bé mat trai dat va cac mach nudce ngﬁm. Hoac cau chuyén
NASA phong tau tham hiém vil tru 1én sao hoa cling dugc gido vién dua vao bai hoc vé su séng.
Thong thuong, cac tinh huéng thuc té éy duoc cac gido vién chon lgc tir céc tin tire thoi sy hodc
phim tai liéu khoa hoc. Nho do, hoc sinh cam théy nhiing bai hoc tré nén sinh dong va gén lién
v6i nhimg cau chuyén hing ngay ma hoc sinh thuong nghe ndi dén. Ngoai ra, cac bai hoc con
gi6i thiéu nhimg hoat dong thuc té tir cac xudng san xuat (makerspace) va cac chd lam viéc



(workplace) trong cac nganh nghé lién quan dén khoa hoc va cong nghé. Pidu nay gitp cho cac
hoc sinh d& dang hinh dung hon cac cong viéc, nganh nghé tuong lai.

Hinh 4. Cdc em hoc sinh 16p 5 dang thuc hanh thiét ke mé hinh robot di trén sao hoa dé thu thap
cac dit liéu, cdc tinh huéng hoc tdp dwoc ldy cam hieng tir cdu chuyén thiec té trong chiong trinh
kham pha Sao Hoa cua NASA 2020 (Mars 2020 Perseverance Rover).

o

Sap xép cac bai hoc thanh nhirng dw 4n hoc tip (project-based learning)

Trong céc bai soan STEM, thong thuong cac gido vién 16ng ghép véi cac du an hoc tap.
Céc du an thuong kéo dai vai budi hoc trong do yéu cau cac hoc sinh 1am viéc theo nhém hoic
lam viéc c4 nhan, trén co sé van dung kién thuc cia cac bai hoc da nganh (Multidisciplinary
Project-Based Learning - MPBL) hodc lién nganh (Interdisciplinary/Transdisciplinary Project-
Based Learning - /'TPBL) dé cung tao mot san phém gén lién véi thue t&1415, Chéng han, cac bai
hoc vé thyc vat dugc phat trién thanh du 4n trong cay khong dung dat, hay dy an thu thap cac
mau l4. Tuy theo trinh do ctia 16p hoc ma cac du an co thé di tir don gian, thuc hién tai 16p hoc

4 Basham, J. D., Israel, M., & Maynard, K. (2010). An ecological model of STEM education:
Operationalizing STEM for all. Journal of Special Education Technology, 25(3), 9-19.

S Clark, B., & Button, C. (2011). Sustainability transdisciplinary education model: interface of arts,
science, and community (STEM). International Journal of Sustainability in Higher Education, 12(1), 41-54.



hodc tai nha, dén nhitng du 4n phirc tap, doi hoi phai di thuc té hodc tim hiéu cac ngudn dir liéu
tir trén mang hoic tai cac thu vién, bao tang?®.

4 3 - s
Hinh 5. Bat dau moi dy dan, cac hoc sinh dwoc s dung iPad dé tra ciru va tim hiéu van deé.

Trong qud trinh tra ciru, gido vién luén c6 cdc bg cau hoi hwdng dan cho cdc hoc sinh thao ludn
theo nhom.

X4y dung quy trinh hoc tap phu hgp véi muc tiéu bai hoc

C6 rat nhiéu cach dé xay dung bai hoc, mot trong nhitng cach kha phd bién ma céac gido
vién day STEM ¢ My thuong chon d6 1a m6 hinh day hoc 5E, viét tat cua 5 bude: Gan két
(Engage), Kham pha (Explore), Dién giai (Explain), Cung ¢ (Elaborate), Panh gia (Evaluate).
M0 hinh day hoc 5E tré thanh mdt cong cu hiéu hitu hi¢u giap cho cho ca ngudi hoc va nguoi
day déu cam théy bai hoc c6 tinh hé théng, lién mach, c6 co hoi phat trién theo tAm 1y thich duogc
tur kham pha va kién tao kién thirc. Quy trinh day hoc nay gitip gido vién giam duoc thoi luong

16 Capraro, R. M., Capraro, M. M., & Morgan, J. R. (Eds.). (2013). STEM project-based
learning: An integrated science, technology, engineering, and mathematics (STEM) approach.
Springer Science & Business Media



day qua nhiéu Iy thuyét ma thay vao do, tao ra cac hoat dong thuc hanh va kham pha. Ngoai ra,
theo mé hinh day 5E nay, hoc sinh timg budc kham phé kién thirc méi dua trén cac kién thirc da
biét trude do, c¢6 thé ca nhan hoa qua trinh hoc ctia minh, tao dugc su gén két vai qua trinh hoc
hon. Gan day, mé hinh 5E con duoc mé rong thanh 6E (thém yéu t6 cong nghé - Engineering)
va 7E (thém yéu t6 Khoi goi - Elicit, va M& rong Extend) tiy theo dic thi ciia timg budi hoc.
Maic du vdy, mé hinh bt 161 5E van dugce van dung phé bién nhét.

Thic diy ky ning thwe hanh qua quy trinh thiét ké k§ thuat (Engineering Design Process)

V6i nhing bai hoc can tich hop céc ki nang van dung kién thirc khoa hoc vao giai quyét
cac van d& mang tinh k¥ thuat va cong nghé, thong thuong gido vién soan bai hoc dua trén quy
trinh thiét ké cong nghé. Quy trinh nay bat dau tir viéc hoc sinh néu ra cac van dé, sau d6 dé xuit
cac giai phap dua trén tri tudng tugng va kién thirc da hoc. Tiép theo hoc sinh phai xay dung mot
ké hoach dé c6 thé trién khai y tudng. Sau khi da c6 ké hoach chi tiét, hoc sinh bt tay vao viéc
thuc hién y tudéng vai viée van dung va rén luyén cac ky nang thuc hanh, thiét ké. San phém tao
ra s& dugc kiém tra va danh gia. Néu phat hién sy ¢d hodc chwa hoan thién, hoc sinh c6 thé diéu
chinh hodc gia cb lai. Cudi ciing, hoc sinh s& ¢6 co hdi chia sé thanh qua ctia minh v&i ban bé
hoic cong dong. Duya trén phan hoi cia cong dong, cac van dé méi lai nay sinh va quy trinh lai
tiép tuc 1ap lai. Viéc day hoc theo quy trinh thiét ké cong nghé khong chi gitip hoc sinh thuc
hanh nhiing k§ nang giéng nhu nhitng k¥ su thyc thy trong cac bd phan 1am nghién ctru va phat
trién san phém, ma quan trong hon do 1a gitp cho hoc sinh cam théy tu tin hon vao ban than khi
tu minh c6 thé giai quyét dugc nhitng van dé thay vi trong chd vao mot giai phap c6 san tir cac
giao viént’

Gan cac bai hoc véi viéc doc sach va tra ciru

Trong céc bai soan STEM, gido vién My thudng lién hé va giéi thiéu rat nhiéu loai sach
tham khdo khéc nhau. Déi véi hoc sinh tiéu hoc, thuong 1a céc loai sach tranh anh, truyén ké véi
cac hinh anh minh hoa sinh dong!® khong chi gitip hoc sinh dé hinh dung vé nhiing khai niém
triru tuong, nhiing hién twong hay sy vat ma mat thuong khong nhin thiy dugce, ma con gitp cho
cac em co hoi tdng von tir vung dé dién dat va hinh thanh tu duy khoa hoc. Ddi véi cac hoc sinh
& trinh d6 trung hoc, cac thé loai sach tham khao ca phi hu cdu (non-fiction) va hu ciu (fiction)
gén lién v6i chu dé bai hoc déu duoc khuyén khich doc thém, gitip hoc sinh m& rong kién thuc
chuyén nganh va phat trién k¥ niang doc hiéu va k¥ nang viét vé sau'®. Hau hét cac truong hoc tai
My déu co thu vién rat 16n va c6 hé thdng muon sach ebook lién thong giira cac thu vién. Day
ciing chinh 1& mét trong nhitng diém noi bat clia cac chuong trinh gido duc STEM tai My.

17 capraro, R. M., Capraro, M. M., & Morgan, J. R. (Eds.). (2013). STEM project-based learning: An
integrated science, technology, engineering, and mathematics (STEM) approach. Springer Science &
Business Media

18 |efever-Davis, S., & Pearman, C. J. (2015). Reading, Writing and Relevancy: Integrating 3R's
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Bén canh cac hoat dong thuc hanh, cac hoc sinh con dugc khuyén khich sy tranh luan va phan
bién dé phat trién tu duy bac cao, gdm c6 téng hop, phan tich, phan bién, sing tao dé 1am siu sic
hon vé nhiing trai nghiém d6 va bai hoc rat ra cho ban than (trong tiéng Anh goi chung d6 1a
Minds-on).

Mé rong tir STEM dén STEAM

Gi4o duc STEM khong chi gbi gon trong sy lién mén giita cac nhom kién thirc khoa hoc
tir nhién ma gid ddy cac gido vién da chu dong 1dng ghép thém cac yéu té vé vin hoa, xa hoi,
nhan vin, nghé thuat (goi chung 1a cAc mon nghé thuat khai phong - liberal arts)!®. Do vay
STEM da dugc phat trién 1én thanh STEAM. Thinh thoang STEAM duoc viét thanh STE(A)M
véi chit A duoc viét trong ngodc don vai chu dich dién ta cac chuong trinh hoc c6 nhan manh
cac mon nghé thuat khai phong trén nén tang cia gido duc STEM néi chung. Viéc soan cac bai
hoc STEM luén danh mot khoang khong gian cho viéc két ndi voi cac chit dé vé xa hoi, van hoa,
va cac mon nghé thuat. O d0, hoc sinh duoc khuyén khich van dung 6c sang tao vé cac mon nghé
thuat, cac kién thirc vé lich sir va nhan vin dé tao ra mot san pham mdi, co gié tri va ¥ nghia cho
x4 hoi. Chang han, cac em hoc sinh 16p 6 dugc 1am quen voi phan mém SketchUp va Google
Earth (ca hai déu mién phi) dé v& nhitng khu vui choi danh cho cac tré em ¢ nhimng ving nong
thon kho khan.

Nhiéu nghién ciru gido duc gan day cho thay: Khi hoc sinh tham gia vao mot hoat dong
ngh¢ thuat nao d6 thi kha nang cé két qua hoc tap dugc danh gia cao hon hoc sinh khong tham
gia hoat dong nghé thuat. Dic biét dbi voi hoc sinh xuat than tir ting 16p gia dinh c6 thu nhap
thip nhung tich cuc tham gia cac hoat dong nghé thuat thudng xuyén, cac két qua thong ké ciing
cho thiy cac em c6 ty 1& nghi hoc rat thap, & muic 4% va it hon gan 5 1an so v&i cac ban cling
hoan canh nhung khong tham gia. Ngoai ra, néu hoc sinh tham gia lién tuc 4 ndm trong céc 16p
nghé thuat va am nhac, cac em ciing c6 diém thi SAT trung binh cao hon 100 diém so véi cac
ban cung trang lra chi hoc ntra nam hodc it hon. Con ddi véi sinh vién dai hoc, méc du cac em
xuét than tir cic gia dinh c6 thu nhap thap, nhung néu cac em c6 tham gia céc hoat dong nghé
thuat, cic nghién ctru cling cho thay cic em ¢ ti 1¢ tot nghiép cao hon cac ban cling hoan canh
nhung khong tham gia. Mot diéu tha vi nita 1a ddi véi thi truong lao dong, cod dén 72% céc nha
lanh dao doanh nghiép déu néi rang k¥ niang sang tao 1a tiéu chi hang dau trong tuyén dung nhan
su, xép sau d6 méi dén cac k§ ning vé hoc van va nghé nghiép. Hién nay, 48/50 bang ctia nudc
My di thdng nhit céc tiéu chuin vé gido duc nghé thuat trong chuong trinh hoc phd thong.

Vao thang 9 nam 2010, td chirc gido duc ngh¢ thuat Wolf Trap Foundation da nhan dugc
tai tro $1,15 triéu dola dé phat trién mot chuong trinh tich hop nghé thuat vao hoc STEM danh
cho hon 100.000 tré em va gido vién mau gido véi tén goi “First-of-1ts-Kind”. Vo thang 1 nim
2013, nhom céc dai biéu Ha vién Hoa Ky va Thugng vién Hoa Ky da hop dé xuit cac ké hoach

19 Boy, G. A. (2013, August). From STEM to STEAM: toward a human-centred education, creativity &
learning thinking. In Proceedings of the 31st European conference on cognitive ergonomics (p. 3). ACM.



vé dua gido duc STEAM vao cac chuong trinh gido duc tai Hoa Ky. Ké tir d6, cac nghién ctru vé
gido duc STEAM bit dau duoc quan tim. Cac truong DH 16n tai Hoa Ky ciing bat dau mo cac
chwong trinh ddo tao gio vién va cao hoc vé gido duc STEAM. Chang han nhu University of
San Diego va William Paterson University c6 chuwong trinh thac si gido duc chuyén vé STEAM, .
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Hinh 6. Hoc sinh lop 4 tai mot ;ru"o‘ng tiéu hoc ¢ Burleson, Texas dang trinh bay mé hinh thdp
diing bang ddy. Trong budi hoc, nhiéu em lam mé hinh bi thdt bai, gido vién dng vién cac em
bang cdach goi that bai la “né lyc dau tién ciia viéc hoc” (FAIL = First Attempt In Learning)

Khuyén khich phong cach sing tao riéng ciia gido vién

Trong thoi gian lam viée voi hang tram gido vién day STEM tai My, t6i chua bao gid bat
gip bai soan STEM nao gidng nhau, mdi gido vién déu co6 mot cach tiép can trinh bay bai giang
rit riéng. C6 gido vién thich néu nhitng van dé cua dia phuong (local issues), ¢ gido vién thich
néu nhitng van dé toan cau (global issues). V& phuong phap day hoc, c6 gido vién chon day theo
mot vai phuong phap mang tinh xuyén sut, nhung ciing ¢ gido vién chon két hop da dang cac
phuong phép trong mdi budi hoc. Cé gido vién chii trong vao 1am viéc nhom, nhung ciing co
gi4o vién chu trong vao viée giri cic nhan xét va phan hoi cho timg ca nhan. Ngoai ra, co gido



vién himg thd lién hé noi dung bai hoc STEM véi cac phim thiéu nhi ndi tiéng, nhung ciing co
gido vién thich nhiing bai hat hodc ban nhac dé cap cac khai niém khoa hoc. Mbi phuong phap
day hoc déu c6 diém manh va diém yéu riéng. Viéc ap dung mot cach linh hoat, tuy theo tirng
cha @&, noi dung va bdi canh cua 16p hoc duge xem 1a giai phap tot nhat giup cho hoc sinh cam
thdy yéu thich bai hoc hon. Cac gido vién thudng chia sé v6i toi mot ¥ kha gidng nhau 13 sy dang
dang 14 chia khoa ciia sy sang tao (diversity is the key to creativity). Mot diém dic trung trong
gido dyc ciia nudc My 13 khuyén khich yéu t6 da dang vin héa va ching toc, hon thé nita, cac
chién dich khuyén khich ngudi My goc Phi tham gia nhidu hon vao cac nganh nghé STEM ciing
dugc ddy manh trong thoi gian gan day, da giup cho cic chuong trinh gido duc STEM thém
nhiéu mau sic moi me.

RN £ . . :
Hinh 7. Hoc sinh dwoc hiwéng dan phdc thao y twéng triede khi tién hanh ché tao. Trong qud
trinh phat thao y twong, giao vién dat ra cdc cau hoi goi mo kich thich sw twong twong va lién hé
véi kién thire da dwoc hoc.



Xay dung hé sinh thai hoc tap STEM (STEM learning ecosystem):

Véi su phat trién ca hé théng gido duc chinh quy va khong chinh quy, qua trinh hoc va thuc
thanh ngay tré nén linh hoat hon. Tuy nhién, gido duc khong chi trong chd vao mét don vi, mdt td
chitc ma can c6 sy lién két véi nhau tao thanh mot hé sinh thai hoc tap STEM giup nguoi hoc co
thé tiép can dugc mot cach dé dang va tranh sy thién léch trong viéc tiép can ngudn thong tin®.
Mot hé sinh thai hoc tdp STEM can duoc xay dung sém giup hoc sinh c6 dugc ¢6 hoi tiép can da
dang cac trai nghiém hoc tap va lién tuc ngay tir miu gido cho dén bac dai hoc?!. Uu diém cua hé
sinh thai hoc tip STEM gitp ngudi hoc ¢ co hoi da dang maéi trudng hoc tp, chia sé¢ duoc ngudn
tai nguyén hoc tap va xay dung dugc chién lugc lya chon nganh nghé tuong lai. biéu nay noi lén
tinh phat trién mé rong (scale-up) ctia cac méi truong gido duc.
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