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Abstract. Maps are important teaching tools that help
develop spatial thinking in students; for visually
impaired students, tactile maps play an especially
significant role. Currently, three common techniques
are used to produce tactile maps: Thermoform, Swell,
and 3D printing. This study compares the suitability
of these techniques in the design of educational
materials for visually impaired students in Ho Chi
Minh City. Using questionnaire surveys combined
with in-depth interviews, the research findings show
that all 14 experts encountered no difficulties in using
the Thermoform technique, which effectively meets
both the needs and practical conditions of schools.
This study also emphasizes the crucial role of teaching
aids, especially tactile maps, in developing the
qualities and competencies of visually impaired
students within the context of inclusive education in
mainstream schools.
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Tém tit. Ban d6 la phuong tién day hoc quan
trong gitp phat trién tu duy khong gian cho hoc
sinh; v6i hoc sinh khiém thi, ban dd ndi ¢6 vai trd
dac biét quan trong. Hién nay, c6 ba ki thuat in
ban db ndi phd bién: Thermoform, Swell va in
3D. Nghién ctru nay thyc hién so sanh va khao
sat mirc do phu hop cua ba ki thuat in ban do nbi
trong thiét ké hoc lidu cho hoc sinh khiém thi tai
Thanh phé H5 Chi Minh. Véi phuong phép diéu
tra bang hoi, két hop phong véan sau, két qua
nghién ctru cho thay 14/14 chuyén gia khong gip
kho khan khi str dung ki thuat in Thermoform,
dap tng tot nhu ciu, diéu kién thue té tai truong
hoc. Nghién ctru nay dong thoi nhan manh vai trd
quan trong cua hé théng phuong tién day hoc,
dic biét 1a ban dd ndi, trong viéc phat trién phim
chit va nang luc cho hoc sinh khiém thi trong bdi
canh gido duc hoa nhép tai cac truong phd thong.
Tir khéa: hoc sinh khiém thi, ki thuat in tao hinh
chan khong, ki thuat in gidy phong, ki thuat in dd
hoa ba chiéu.
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1. M& dau

Viéc trién khai chuong trinh Gido duc phd théng (GDPT) 2018 da gop phan nang cao kha
nang tiép can giao duc cho hoc sinh (HS) khuyét tat, dic biét 1a hoc sinh khiém thi (HSKT) & Viét
Nam. Céc van ban phép li nhu Luat Giao duc (2019), Théng tu 03/2018/TT-BGDDT va Thong
tulién tich 42/2013/TTLT-BGDDT-BLDTBXH-BTC d thé hién su cam két cia Nha nude trong
viée dau tu co s& vat chét, thiét bi va hoc liéu danh riéng cho nhém HS nay [1, 2]. Tuy nhién, cac
chinh séch hién hanh chu yéu dimg lai ¢ dinh huéng chung, thiéu quy dinh cu thé vé chuan ki
thuat ddi vai cac phuong tién day hoc chuyén biét, dac biét 1a ban dd nbi (BDBN), mot cong cu
thiét yéu hd tro HSKT phat trién tu duy khong gian va kha nang tiép can tri thirc dia li [3, 4].

Trén thé gi6i, vai trd cia BDN trong day hoc dia li cho HSKT da duoc khang dinh qua nhiéu
nghién ctru [5-8]. Cac cong trinh nay khong chi chimg minh hiéu qua su pham ma con phan tich
sau cac cong ngh¢ in ndi nhu Thermoform, Swell, in 3D dudi nhiéu goc do khac nhau nhu tinh ki
thuét, chi phi, d6 bén va kha ning trién khai trong méi trudong gido duc [3, 9-11]. Tai cac qubc
gia nhu Hoa Ki, Nhat Ban, Han Quéc, cac ki thuét nay da duogc chuén hoa, tich hop vao hé théng
kiém dinh thiét bi, dam bao tinh dong bo giira chinh sach gido duc dic thu va tiéu chuan ki thuat
qudc gia [12-15].

Nguoc lai, tai Viét Nam, viéc tng dung BDN con kha khiém ton, thiéu dinh hudng théng
nhét va chua c6 khung tiéu chuan ki thuat 1am co sé trién khai. Mic di Thong tu 42/2013 va Nghi
dinh 28/2012 da dé cap dén co ché hd tro tai chinh va xa hoi hoa thiét bi giao duc cho HS khuyét
tat, song van chua ban hanh cac tiéu chi ki thuét cu thé d6i vo1 phuong tién chuyén dung [2, 16].
H¢ qua la cac co so gido duc danh cho HSKT budc phai tu t6 chire thiét ké va san xudt hoc liéu,
khién qua trinh trién khai BDN phuy thudc nhiéu vao diéu kién cong nghé tai chd, thiéu tinh théng
nhit va kho kiém soat chét luong [3].

Bén canh d6, qua trinh trién khai con d6i mat voi nhiéu thach thire nhu thiéu doi ngii chuyén
mon, chi phi san Xut cao va su khong déng bd gitra cong nghé in voi co sd vat chét [17, 18].
Nhirng yéu t6 nay anh huong truc tiép dén tinh kha thi trong day hoc va kha nang tiép can hoc
liéu cua HSKT. Tinh dén nay, cac nghién ctru trong nudc vé ki thuat in noi noi chung va BN
n6i riéng van con han ché, chua c6 cong trinh nao thue sw dao sau khai thac vé linh vire nay [19].

Ngoai ra, bdi canh chuyén ddi s6 va sy tién bo ctia cong nghé in 4n ciing dit ra yéu cau doi
moi va phét trién hoc liéu trong gido duc hoa nhap. Viéc lva chon ki thuat in BDN khong chi
mang tinh cong nghé ma con anh huong dén hiéu qua su pham va kha nang tiép cén tri thuc cua
HSKT. Cac ki thuat in nhu Thermoform (tao hinh chén khong), Swell (gidy phong) va in 3D (d6
hoa ba chiéu) ngay cang dugc Umg dung, nhung mdi phuong phap c6 dic diém riéng, doi hoi lua
chon phu hop véi diéu kién trién khai trong thuc tidn nha truong.

Trén co s& d6, nghién clru nay tap trung vao viéc so sanh ba ki thuat in BDN trong thiét ké
hoc liéu danh cho HSKT, nham xac dinh giai phap t6i wu, tir d6 dé xuét quy trinh thiét ké BDN
phu hop véi yéu cAu gido duc hién dai va diéu kién trién khai thuc té tai cac co s giao duc.

2. N¢i dung nghién ctru

2.1. Téng quan cac ki thuat in BDN cho hgc sinh khiém thi
2.1.1. Ki thuit in Thermoform (tao hinh chan khong)

Ki thuat in Thermoform (hay tao hinh chan khong - vacuum forming) la phuong phap tao
hinh bang nhiét, dwoc sir dung phd bién dé san xuit BDN phuc vu hoc tap cho HSKT [3-15, 17-24].
Qua trinh nay dya trén viéc gia nhiét dé 1am mém tAm nhua chuyén dung, sau do ép tam nhya lén
khuon mau da thiét ké sin. Nho ap suét chan khong, nhya bam chét vao bé mat khuon, tai tao
chinh x4c céc chi tiét can thé hién. Khi lam ngudi, nhya cung lai, tao thanh san phém c6 do ndi
6n dinh theo khuén ban dau [17, 21].
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K thut Thermoform bt nguén tir cong ngh¢ tao hinh nhiét, dugc ing dung trong san Xudt
bao bi va chi tiét nhya tir dau thé ki XX. Sau nay, ki thuat dugc diéu chinh dé phuc vu gido duc
HSKT, dédc biét trong san Xudt BDN va tai liéu xuc giac [19]. Nhiéu qudc gia phat trién da cai
tién quy trinh nham d4p tmg yéu cau vé do an toan, chinh xac va kha ning tlep nhan bang xuc
giac. Viéc van dung ki thuat nay doi hoi hiéu rd quy trinh che ban in, budc chudn bi khuon mau
cho tao hinh [4, 8, 23]. Ché ban thudng lam tir gidy nham, gidy gan hoic len, tao hinh bang duc
hoic ép nhiét, dong vai tro quyét dinh dén do chinh xac va chat luong BDN.

Quy trinh Thermoform gém ba budc chinh: thiét ké va ché tao ché ban, gia nhiét - tao hinh
va hoan thién san phém. Trude hét, nguoi thue hién xac dinh mau thiét ké, lua chon vat liéu phu
hop, sau do6 g:fm cac chi tiét dja 1i hodc chit ndi Braille 1én bé mat ché ban. TAm nhua Brailon duoc
dat 1én khuon va gia nhiét dén khi dat do mém déo can thiét. Khi d6, ap suat chan khong duoc
kich hoat, hut khong khi ra ngoai, giap. tam nhya bam chat vao khuon va téi tao chinh xac céc chi
tiét. Sau khi tao hinh, san pham dugc dé nguoi dé cd dinh hinh dang. Néu can thiét, chit ndi Braille
¢6 thé dugc dan bd sung nhim ting kha nang nhan biét bang xuc giac [25].

K thuat Thermoform sir dung giéy Brailon, mot loai nhya chuyén dung c6 dac tinh mo, duc,
khong doc hai va kha ning chong tham dam bao an toan cho nguoi st dung. Gidy Brailon c6 hai
loai: Loai day, phu hop v6i céc chi tiét phure tap va yéu cau do bén cao; loai mong, thich hgp cho
céc yéu td don gian hon [17, 23]. Ki thuét nay cho phép diéu chinh muc d6 noi theo kha nang
cam nhan cta ngudi dung, nén van duoc tng dung rong rii tai nhiéu qudc gia, dii mang tinh tha
c6ng[25]. Tuy nhién, qua trinh ché ban yéu cu nhiéu thoi gian va ki ning thii cong. Ngoai ra,
viéc str dung thiét bi chuyén dung (nhu may ép chan khong) va vat liéu riéng biét khién chi phi
dau tu ban dau twong d6i cao. Mot han ché khéc 1a ki thuat nay chua thé hién hiéu qua céc chi tiét
dia hinh c6 chiéu su tang phiic tap.

2.1.2. Ki thuit in Swell (in gidy phdng)

Ki thuét in Swell (in gidy phong) 1a mot phuong phép tao hinh xtic gidc dua trén phan tmg
gidn nd cua vat liéu khi gap nhiét. Phuong phap nay sir dung gidy Swell Touch dic biét (hay con
goi 1a gidy vi nang) két hop voi muc in nhay cam véi nhiét hodc tia UV. Khi tiép xtic v&i nhiét
d6 trong khoang 5-35°C (hoidc 41-95°F), phan muc den d in sdn s& phong 1én, tao thanh cac chi
tiét ndi, phuc vu cho viéce tiép can thong tin bing xtc giac cua HSKT [9, 21].

Ki thuat in Swell da thu hiit sy cha ¥ trong céc nghién ciru vé hinh hoa xuc gic trong khoang
ba thap ki qua. Ban dau dugc phat trién cho muc dich in ndi don gian, ki thuat nay da duoc cai
tién va ing dung rong rai trong linh vuc gido duc danh cho HSKT. Viéc sir dung gidy Swell Touch
két hop véi cong nghé in nhiét cho phép tao ra hinh anh ndi nhanh chéng va chinh xac ma khong
can ché ban phuc tap nhu ki thuat Thermoform.

Quy trinh in Swell dugc thyc hién béng may Swell Form, vdi cac bude co ban sau: dAu tién,
mau dd hoa duoc in trén gidy Swell Touch bang muc chuyén dung. Sau do, gidy dugc dit vao
khay nhiét cia mdy, v6i mat in huéng lén. H¢ théng bong dén trong may s€ toa nhiét déu khi gidy
di qua, khién phan muc den hap thu nhiét va phong 1én, tao thanh hinh anh ndi. Pang chu y, nguol
ding ciing c6 thé vé truc tiép 1én gidy Swell Touch bang but chuyén dung dé tao hiéu ing phong
tuong tu, khéng can qua mdy in. Tuy nhién, trong qua trinh van hanh may, can dam bao moi
truong thong thoang va nguoi sir dung phai c6 ki thuat nhét dinh dé tranh sy ¢ nhu ket gidy, 161
nhiét hoic tiép xuc truc tiép voi bong deén [9, 20].

Ki thuat in Swell 1 phurong phép tién loi, khong doi hoi ché ban phirc tap, cho phép tao hinh
nhanh chong, phu hop véi cac hinh anh don gian, thuong dugc ing dung trong cac mén nhu Toan,
Sinh hoc va Mi thuat. Giéy Swell Touch dé thao tac, linh hoat va tuong ddi an toan khi st dung
dang quy trinh. Tuy nhién, ki thuat nay con han ché trong viéc thé hién hinh anh phuc tap nhu ban
do, dac biét 1a cac chi tiét dia 1i nho hodc co yéu td chiéu sdu. Ngoai ra, may Swell Form yéu cau
diéu kién van hanh nghiém ngat va doi hdi nguoi st dung c6 ki nang dé xur 1i sy c6 ki thuat [9].
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2.1.3. Ki thuit in 3D Printing (d0 hoa ba chiéu)

Ki thuat in 3D (3D Printing) (hay con goi 1a @ hoa ba chiéu) 1a phuong phép tao mé hinh
vét thé bang cach dip timg 16p vat lidu dua trén dit lidu thiét ké ki thuat so. Trong linh vuc gido duc
HSKT, in 3D dugc danh gid 1a mét giai phap tién tién, cho phép tai hién cadc md hinh xuc giac véi
do chi tiét cao, phuc vu hiéu qua cho viéc hoc tap va kham pha thé gidi bang xtc giac [9, 24, 25].

Ki thuét in 3D ra doi tir cudi thé ki XX va da phat trién manh mé trong bdi canh cach mang
cong nghiép 4.0. Ban dau duoc tng dung trong cong nghiép va y hoc, cong ngh¢ nay dan dugc
diéu chinh dé phuc vu g1a0 duc, trong d6 c6 giao duc dac biét. Nhiéu nghlen ctru da ghi nhén hiéu
qua va tinh linh hoat cta in 3D trong viéc thiét ké tai liéu hoc tip xuc giac, dic biét voi cac md
hinh ¢6 hinh khéi phtc tap, can d6 chinh x4c cao.

Quy trinh in 3D bat dau tir viéc thiét ké mo hinh bang phin mém CAD (Computer-Aided
Design) hodc tadi mo hinh c6 san tir cac thu vién truc tuyén. MB® hinh can duge lvu dudi dinh dang
tiéu chuan nhu STL (Stereolithography) dé may in c¢6 thé xir li. Tiép theo, vat liéu in (thuong 1a
nhua, d6i khi Ia kim loai hodc vét li¢u sinh hoc) dugc nap vao may [9, 24, 25]. Trong qua trinh
in, dau _phun s& dép ting 16p vat liéu 1én nhau cho dén khi hoan thién mé hinh. Sau khi in xong,
san pham can xt li hau ky nhu loai bo phan dd, 1am sach bé mat hodc son phil dé ting tinh tham
mi va do bén. Cubi ciing, san pham duoc kiém tra nhim dam bao chit lugng va phu hop véi muc
dich su dung [9, 24, 25]

Ki thuat in 3D cho phép tao ra cac san pham c6 kich thudc 16n, hinh dang phire tap va co thé
tiy chinh theo yéu cau cu thé. Qua trinh san xuat khong can ché ban thu cong, gitp tiét kiém thoi
gian trong thiét ké 1ap lai va tao diéu kién tdi wu cho c4 nhan hoa tai liéu hoc tap. Tuy nhién, ki
thuét nay doi hoi nguoi sir dung phai c6 kién thirc chuyén mon vé phan mém thiét ké va cach van
hanh may in. Ngoai ra, chi phi dau tu ban dau cho thiét bi va vat lidu in con cao, va khong phai
dbi twong sir dung nao ciing c6 thé d& dang tiép can cong nghé nay [9, 22].

2.2. So sanh cac ki thuat in BBDN cho hoc sinh khiém thi
Tir tong quan ba ki thut in BDN phd bién hién nay (Thermoform, Swell va in 3D), nhém
tac gia tién hanh tong hop, phan tich va so sanh duya trén co s& 1i thuyét ki thuat va két qua khao
sat tir cac nghién curu trudce do [3-15, 17-24] . Theo d6, bang so sanh dugc xay dung dua trén 05
nhom tiéu chi vi 26 chi bao (CB), c6 thdm chiéu dén cac mo ta ki thudt va tng dung thuc tién
dugc cong bd gdm: Tinh hitu dung (5 CB); Tinh dé tiép can (5 CB); Tinh linh hoat (5 CB); Thach
thirc ki thuat (4 CB); Kha ning phat trién san phiam (7 CB). Tir d6, rat ra mét s6 duc két nhu sau:
Bing 1. So sdnh cdc ki thudt in BDN cho hoc sinh khiém thi
Ki thuit in Ki thuit in 3D
Thermoform Printing

Tiéu chi Ki thuét in Swell

1 Tinh hitu dung
Ning suat ctia ki
thuat trong viéc
tao ra san pham

Nhanh khi ¢6 ché ban,
san xuat hang loat

Nhanh, dic biét voi ban
d6 don gian

Nhanh, dédc biét voi

L1 bén db don gian

Tét trong viéc mo ta
thong tin chi ti€t,
phuec tap

Hiéu qua biéu
dien thong tin
dia 1i phuec tap

Kha nang vura phai,
phl_l thu(f)crvz‘io do chi
ti€t cia ché ban

Kém trong viéc mod

1.2 phong dia hinh phure tap

A 1A . .z, | Do bén cao, chiu duoc | PO bén thip, d& tén A 1A N
Do bén, chi tiét, ' > : i P, Do bén cao, tuy vao

1.3 | chinh x4c cua

san pham

tac dong vat li. Do chi
tiét vira phai, gidi han
boi ché ban

thuong boi nude va va
dap. P9 chi tiet thap, tuy
vao phan bo ki hi¢u

chat liéu in. B chi
tiét sac nét, rd rang
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Puong nét ndi 1o

Mém mai, cam giac xuc

Cam nhan cham hon

C.aEm gide, xlc (khoang 7 0,5rr}m .~ | gidc nhay nhung chi tiét d? bi truRg nhiéu lfrp,
1.4 | giac, trai nghiém | 2mm), cdm nhan xtc | & . .7 z. \ d6 nd6i  khoang
\ Ly ... | it 1, d ndi khoang 0,2 \ A
cua hskt giac tot nhung chi tiet 0,5mm (tuy dicu
\ .. - 0,5mm ,
vira phai chinh)
Hiéu qua trong | D@ tiép can cho cac bai | Hiru ich cho cac hinh Y ST
A % A . | , < | Kho ti€p can vi cac
viéc tiép can | hoc co ban, nhung kho | anh co ban, han ché C AL Ry ea
1.5 | .z , ; < 1A , - X .. | chi tiét thé hién theo
kién thuc cuda | khan hon véikién thice | trong viée truyén tai han bac
hskt phure tap thong tin phuc tap P :
2 | Tinh dé tiép cén
Kha niang tim | Nguyén liéu dé tim, | Nguyén vat liéu nhap MAay in 3d va nguyen
- ; L s LR % , liéu nhu nhya tuong
kiém, mua | mady moc dac thu, dé | khau, may swell form | 2. " x .
2.1 Al 1ia L7 A - S , doi dé tim, nhung
nguyén vat li€u, | ti€p cén hon tai cac co | chi phi cao, kho mua, n 21k A
A N A A X . khong pho bién rong
may moc s& gido duc yéu cau dau tu 1on i
o .| Quy trinh don gian, d3 Quy trlnI} d(ng gian hm}, Qu}l tl‘l?h can kl‘ nang
Kha nang tiép | ,x° . . nhung yéu cau ki thuat | thiét ké cad, doi hoi
221 ‘ tiép can, phu hop thuc | . . NN . X , PN
can quy trinh . R dac thu, chuyén vién c6 | kién thitc vé cong
tien nha trudong ; o n
kinh nghiém cao nghé
Kha ning ty didu | Kha ning tay chinh VN , \ Ln}h hqat ©ao, cl}o
S P X A %, . | Kha nang tiy chinh vira | phép c4 nhan hoéa
2.3 | chinh ki thudt va | trung binh, can ché ban e . . . N
C LA 1 , phéi, tng dung don gian | hoan toan thong qua
ca nhan hoa trude 1A
thiet ké cad
Nang luc cong Dé tiép can hon vi | Yéu qﬁu ki thuat cao, | Yéu cau am hiéu vé
2.4 | nghé ti€p can ki | dugc st dung rong rai kh(:) tiép can may moc, it | cad, kj thuat in 3d,
thuét trong cac trudng pho bién kho tiép can
Chi phi bao diu Ch} phi dau tu l')fm da}u Cl}l phl l3an dau th.aAp QO Chi p’hl .ban‘ dau cao
. .« . | khd cao do gid may | mdy in ré nhung gidy in | do mdy in va nguyén
2.5 | cho viéc ti€p can L 4L A 2 P o o
i thuat moc dat,:cuy nhién vat | dat hon 1/10 | lifu muyc chuyén
: liéu lai dé ti€p can thermoform (2022) dung
3 | Tinh linh hoat
2 Nhanh khi ¢6 ché ban, | Npanh twongdothondo | oy s 40 i timg 16p
3.1 | Tocddinanbdn | L, 1a phai xt 1i tng ban in NI
san xuat hang loat . chong 1én nhau
qua may
MGi lan ép nhiét | x. 3 . .
.| khoang 5 phat cho ch¢ | MOl laninkhodng 3 - S\ e ot 3din
Thoi gian in an, |, X, .. | phit cho moi ban d6 vi X o
3.2 2~ A | ban chi tiét it, 7 phut o N | khoang 10 — 20 gio
thao tac ki thuat £ 1. .z | khong phu thuéc ché | . " .2 .=
cho ché ban chi tiét ban tuy vao do phuc tap
phuec tap
Khi ning bio | at bém, ¢6 the i ST\ gu i 48 huy hai néu | LY thudc vao vat
) . ©,. . | dung nhiéu lan, bdo R \ , x| li€u, co thé bao quan
33 | quan va tai su Y D khong bao quan can | & 2 LT
. 2 quan tot trong thoi gian N tot néu vat liéu in
dung san pham .- than £
dai chat lugng
£ .z | Thich hop in s6 lugng | Thich hgp cho san xuét , .z
34 S0 lugng in an 16m néu c6 ché ban chat | hang loat nhung chi ban Thich hop cho in s

t01 uu

lugng

do don gian

lurong nhd
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Linh hoat trong
nguyén vét liéu

Chu yéu st dung nhya
brailon va khuén mau,

Dung giay swell touch,
yéu cau myc carbon,

Linh hoat, c6 thé
dung nhicu loai vét

35 in 4n (gidy in, | linh hoat trong lwa kho linh hoat hodc thay | liéu in khac nhau nhu
muc in,...) chon vt liéu doi vat liéu nhya pla, abs,...
4 | Thach thirc va ki thudt
o Chi phi dau tu ban
Kinh phi sin | Chi phi cao do dau tu Chi ph1vve gay c%lpy?n fiau rat cao Ch? may
4.1 R . . ; dung, dac biét phai van | in 3d, tuy nhién vét
xuat may moc ban dau - D .. A f A 1
chuyén tir nudc ngoai liu in c6 thé linh
hoat
) C?;n sir dung phan
Do phue tap thiét | Thiét bi doi hoi may | Str dung mdy swell | mém cad va may in
4.2 | bi, phin mém in | hit chan khong va | form va phan mém dd | 3d co d6 phan giai
4n khudén mau chinh xac | hoa twong ddi don gian | cao, doi hoi ki thuat
phtec tap
May swell form it can E(f)lioct}rlilnlé?’;l@idcigl
Bao tri van hanh | Doi hoi can chinh thoi | bao tri, nhung gidy inva | ~ 3 e .
43| o A ., " . , | can kiém tra thuong
ki thuat gian ép nhiét muc in phai dugc bdo A 4A 42 .
SR xuyén dé dam bao
quan can than R
hiéu suat
Su phuac tap | Pao tao don gian, Can thoi gian dao tao Yéu cau kién thirc vé
44 trong dao tao | thuong mat it thoi gian | dai va chuyén sau d¢ | cad va cong ngh¢ in
" | nguoi st dung ki | dé thanh thao quy trinh | van hanh thiét bi va quy | 3d, doi hdi nhiéu thoi
thuat in trinh tao khudn gian hoc tép
5 | Khd nding phdt trién sin phim
Kha nang x 2 . | Kho chuyén giao do kha K.ha nang chuye:n
2 . > | D€ chuyén giao, phu | . P giao cao, phu thudc
5.1 | chuyén giao ki £ Tx nang mua may bi han | &, ,
4 hop thuc t€ nha truong £ vao ki nang st dung
thuat in an che o
cad va may in 3d
£ . | Chat lugng t6t véi do | Chat lugng 6n dinh véi | Chat luong tét, cho
Chat lugng san | . A 1yA , LA ; Lz o x .
52 | phim bdn dem bén cao, chi tiet khong | cac chi tiét co ban, han | phép bidu dien chi
' . phuc tap va kho datdo | ché trong biéu dién | tiét rat phac tap va
lai A . , ,
phan giai cao phuec tap chinh xac
Chi phi pht hop | Phu hop véi ce dy 4n | F1u hop cho cdc dw én | Linh hoat, ¢0 thé ap
T . X 2 .. .| nhd va trung binh, | dung vao nhiéu loai
5.3 | véikhanangti€p | 16n, can chuan bi ki N \ o R Y
A ~ o khong phu hop voi cac | du an to nhd dén
can ludng ché ban A1 , ,
mo hinh phure tap phtec tap
Sin  sine  4p | Phattrién hanche, yéu | Tiem nang cai tien, | Phat trien 16n nho
ang 4P| cAu thiét bi chuyén | nhung phu thugc vao su | cong ngh¢ in 3d dang
5.4 | dyng vao in an L i , 2
. . ) dung, kho tich hop v6i | nang cap cia cac thiétbi | phat trién  nhanh
cac du an khac N s ,
cong nghé mai co ban chong
Yéu t6 bén vimg | Bén vimg, c6 thé tai sit | Kém bén hon do vt liéu gﬁ;cblf;) V:;f dzﬁu
5.5 |1au dai cua ki | dung trong thoi gian | d& bi hong theo thai | < .° d &

thuat

dai

gian

cach, san pham 3d co
thé ton tai lau dai
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St dung thuong xuyén | St dung it phd bién | Dy kién ting 1én khi
trong céc trung tdm in | ngoai cac don vi duge | cong nghé in 3d ngay
an dac biét va giao duc | tai tro cang phd bién hon

Tan suat su dung

-6 | g kién

Phan  hdi  tr bénh gid cao, nhung

5.7 . tén thoi gian chuin bi
nguoi st dung ché ban

Nhanh chong, nhung | Linh hoat nhung kha
kém bén viing nang ti€p can thap

Nguon: nhém tac gid tong hop tir [3-15, 17-24]

2.3. Khdo sat danh gia sy phu hop cta ba Ki thuat in ban do ndi cho hoc sinh khiém thi
2.3.1. M ti vé khdo sat

Pé danh gia mirc d6 phu hop cua ba ki thuat in BDN d6i voi HSKT, nhom tac gia da tién
hanh khao sat y kién chuyén gia thong qua diéu tra bang hoi két hop phong van siu. Doi tuong
khao sat gdm 9 gido vién (GV) cdt can, 4 can bd quan 1i (CBQL) va 1 chuyén vién ki thuat ¢6 nhidu
nam kinh nghiém trong linh vuc chuyén dich sach gido khoa hinh va chit ndi cho HSKT tai cac
truong chuyén biét va trung tdm hd trg gido duc hoa nhép trén dia ban Thanh phé Ho Chi Minh.

Bang héi dugc xay dung voi 26 CB danh gia, chia thanh 5 nhom ti€u chi tuong trng voi bang
1, dugc thiét ké theo thang do Likert 5 muc d6 (tit “Hodn toan khéong dong v dén “Hodn toan
ddng ¥”). Trudc khi trién khai chinh thic, bo cong cu khao sat dugce kiém dinh d6 tin cy bang
hé¢ s6 Cronbach’s Alpha (o) nham dam bao tinh nhat quan, d¢ tin cy cua cac CB. Bén canh do,
cac cudc phong van ban ciu siu dugce thyuc hién truc tiép, ghi chép toan b ndi dung tra 101, va xir
li theo quy trinh m hoa tha céng két hop véi bang phan tich chu dé bang Excel.

Phan tich dinh lugng dugc thyc hién bang thong ké mo ta vé sd lugng va ti 1& (%), gia tri
trung binh (DTB), d6 Iéch chuan (PLC). Dit liéu dinh tinh dugc phén tich theo hudng tiép can
ndi dung, ddi chiéu giita cac nhom chuyén gia nham rit ra cac nhan dinh sau vé tinh kha thi, vu
diém va nhugc diém cua tung ki thuat in ndi trong diéu kién giao duc hién hanh. Thang do duoc
quy udc nhu sau:

Bdng 2. Quy woc thang do

Thang do 5 mirc do
Gia tri khodng cach = (maximum — minimum)/n = (5-1)/5 = 0.8
DTB 1,0-1,8 1,8-2,6 2,6-34 34-42 42-50
Mirc Hoan toan o PO A A A \ s oaA
4 khong dong ¥ Khoéng dong y Phan véan Pong ¥ Hoan toan dong y

2.3.2. Két qua khio sat va thao luin

Panh gia ciia chuyén gia vé nhitng ki thuat in da st dung cho thiy, Thermoform 1a ki thuat
in dugc st dung thuong xuyén va phd bién nhit, chiém ti 18 rat cao 100% (14/14), Swell xép vi
tri thar hai véi 35,71% (5/14). Trong khi d6, ki thuét in 3D Printing hoan toan xa la véi chuyén
gia khi ti 18 sir dung chiém rat thip 0% (0/14) diéu nay di phan anh kha ning tiép can ki thuit cua
cac chuyén gia mic di Thermoform 1a ki thuat khong méi nhung phit hop véi bdi canh Viét Nam
hién nay. Dé i giai cho nhan dinh nay, tinh dén nim 2024 gia cia mot may in Swell dao dong
khoang 100 triéu dong (bao gdm phi van chuyén va thué), mot to gidy in Swell Touch khoang 2
d6 la Mi tré 1én. Do viy, ngoai trudng hop cia Trung tdm Khiém thi Nhat Hong va Thu vién
Téng hop Thanh phd HS Chi Minh thi tai cac don vi khac loai may nay lai tré nén kha khan
hiém. Bén canh do, cic chuyén gia déu tin dong v6i nguyén nhan khién ho khéng tiép can ki
thuat in 3D Printing 13 vi chi phi nhap khau cao, kho tiép can, doi hoi nguoi sir dung phai c6
chuyén mén nhat dinh va thuc té truong van chua duogc trang bi. Nhung diém bat cap 16n hon 1a
nguén nhan luc lam sach hinh va chir ndi lai rat it, hau hét, ho chinh la nhiing GV day hoc HSKT
nén cha yéu phai ty than tim hiéu va huéng dan nhau. Do véy, khé khin ddi véi ki thuat Swell
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cling phan anh khoé khan cuia ki thuat cua ki thuat 3D Printing. Chinh vi thé, viéc tiép can ki thuat
moi phai can thém thoi gian va sy dau tu kinh phi. Vi y kién néu trén, nhiéu chuyén gia van
ban khodan voi ki thuat nay va truong hop néu duge dau tw mién phi vé trang thiét bi nhung van
con can nhic vi mot khi may hu thi khong hodc khé c6 kha ning sira chira & Viét Nam [21]. Céc
nhan dinh nay ciing khong mau thuan véi phan tich tong quan va cho thdy rang Thermoform Ia
lga chon hang dau, dua trén binh dién chung nhét thi ki thuat nay dap ung duoc thuc té ki vong
ciia chuyén gia. Nhu vay, phan tich tiép theo chi dugc danh gid dwa trén hai ki thuat Ia
Thermoform va Swell.
Bing 3. Pdnh gid ciia chuyén gia vé tinh hitu dung

Ki thuit in Themoform Ki thuit in Swell
Stt Chi bao
PTB | DLC A PTB | DLC A
1 I\{ang %uat cua ki thuat trong viéc tao ra 3.92 0.62 3.80 | 0,84
san pham.
) H1§5u qué biéu dién thong tin dia li 4.43 0,76 3.60 | 0.55
phtrc tap.
3 | Do bén, chi tiét, chinh xac ciia san pham. | 4,29 | 0,61 3,80 | 0,45
Cam side. xte eido. tril nehitm oi 0,853 0,675
am giac, xtic giac, trai nghiém cua
4 HSKT. 4,50 0,76 4,00 | 1,00
5 Hiéu qua trong viéc tiép can kién thirc 450 0.65 320 | 0.84
cua HSKT. ’ ’ ’ ’
DTB chung 4,33 0,68 3,68 | 0,73

Ngué‘n: 6 liéu khdo nghiém tdc gia thuc hién nam 2024
Két qua khao sat tir chuyén gia cho thiy Thermoform c6 tinh hitu dung cao hon Swell, véi
DPTB chung 1a 4,33 dat muc “hoan toan déng;ﬁ” (PLC = 0,68, a = 0,853), so voi Swell & muc
3,68 dat mirc “dong y” (DLC = 0,73, a.= 0,675). Cac chi bao nhu hiéu qua tiép can kién thirc va
trai nghiém xtc giac (4,50), kha ning biéu dién thong tin dia 1i phtrc tap (4,43), va do chinh xac
san pham (4,29) déu nghiéng vé Thermoform. Tuy nhién, d6 léch chuan cao & mot sé chi bao,
dac biét voi Swell (BLC = 1,00) ¢ chi bao cam giac xuc giac, cho thiy su phén hoa trong danh
gia, phan 4nh mau thuan gitra uu thé ki thuét va tinh kha thi trién khai. Mot sd chuyén gia wa
chudng Swell vi thao tac don gian, khong can ché ban, phu hop véi diéu kién truong hoc; trong
khi s6 khac danh gia cao Thermoform nho d6 ndi 13 va do bén cao, dic biét khi day hoc cac noi
dung dia li phtc tap.
Bing 4. Pdnh gid ciia chuyén gia vé tinh dé tiép cin

Ki thuit in Themoform | Ki thuit in Swell
Stt Chi bao
PTB | DLC A PTB | DLC| 4
1 K}}a nan tim kiém, mua nguyén vat liéu, 414 0,77 240 | 034
may moc.
2 | Kha ning tiép can quy trinh. 421 | 0,80 3,00 | 1,41
Kha ning ty diéu chinh ki thuat va ca
3 nhan hoa. 4,36 0,74 0,81 | 4,00 | 1,00 | 0,93
4 | Nang luc cong nghé tiép can ki thuat. 4,29 0,72 3,80 | 1,30
Chi phi bao dau cho viéc tiép can ki thuat. | 4,29 | 0,72 3,60 | 1,14
DTB chung 4,26 0,75 3,36 | 1,24

Ngué‘n: 6 liéu khdo nghiém tac gia thuc hién nam 2024
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Tuong tu, tinh d& tiép c4n, Thermoform dugc chuyén gia danh gia dat mtc “hoan todn dong
y” (PTB chung = 4,26, PLC = 0,75, o = 0,81), trong khi Swell dat mtrc “déng;ﬁ” (PTB chung =
3,36, DPLC = 1,24, a. = 0,93). Su chénh 1éch trong danh gi4 ctia chuyén gia cho théy su bién dong
Xudt hi¢n ¢ tinh dé tiép can d6i voi ki thuat Swell. Két qua nay phu hop v6i nhan dinh ban dau
cho rang Swell 1a mot ki thuat hién dai, nhung muc do tiép can lai thap do phu thugc vao may
moc va nguyén liéu phai hoan toan nhép khau. Ngoai ra, cac chuyén gia ciing cho rang, do chi
tiét ctia Thermoform cao hon néu ché ban dat chuan va Swell chi dat murc tuong dbi vi phu thudc
nhiéu vao chat luong gidy.

Bing 5. Pdnh gid ciia chuyén gia vé tinh linh hoat

St Chi bio Ki thuit in Themoform Ki thuit in Swell
PTB | PLC A PTB | DLC A
1 | Téc do in an bdn. 3,86 | 0,63 3,20 | 034
2 | Thoi gian in 4n, thao tac ki thuat. 3,64 0,93 3,40 1,10
3 @é nang béo’qué’n vatai sirdung san pham. | 4,29 0,61 0.76 3,80 | 1,14 0.43
4 | SO lugng in an toi vu. 4,21 0,56 4,00 | 1,10
5 | Linh hoat trong nguyén vat liéu in an . 3,86 1,10 2,40 | 0,70
DTB chung 3,97 0,75 3,36 | 0,87

Nguén.‘ 6 liéu khao nghiém tac gid thuc hién nam 2024

V& tinh linh hoat, Thermoform tiép tuc dugc danh gia cao voi BTB chung = 3,97 (PLC =
0,75; a = 0,76), trong khi Swell dat mirc 3,36 (BLC = 0,87; a.= 0,43), déu dat mirc “dong y~. Hé
s6 o rat thap & Swell cho thay su thiéu nhét quan trong danh gi4, phan anh tinh phan manh giita
céc khia canh nhu toc d, vat liéu va bao quan. Nhin mét cach téng thé, Thermoform van thé hién
tinh linh hoat t&t, ki thuat Swell ciing c6 sy linh hoat nhat dinh, tuy nhién, kha ning bao quan cta
Swell lai khong 6n dinh bang do d& bi hu hai néu va dap manh va kha ning khang nudc rat kém.
S6 lugng san pham in tir ki thudt nay thuong bi han ché do su chi phdi ciia chi phi nguyén liéu
nhép khau dét do. Tuy nhién, khi xem xét khach quan, tdc do va thoi gian thao tac ki thuat Swell
van nhanh hon so v6i Thermoform vi ché ban Thermorform doi héi thuc hién thu cong, kho chinh
sta. Nguoc lai, Swell van hanh hoan toan trén may tinh, voi ché ban dugc tao 18p va in truc tiép
tr phé‘m mém d6 hoa. Tom lai, xét trén hai tiéu chi diu, Thermoform van 1a ki thuét duoc chuyén
gia uu tién lya chon cho viéc lam BDPN nho tinh thuan tién va kha nang tiép can. Miac du Swell
¢6 nhirng loi thé cua cong nghé hién dai, song ki thuat nay chua thé 14 lwa chon hang dau. Diéu
nay dat ra cau hoi: Vi sao ki thuat Swell du hién dai nhung chua phai 14 uu tién cta cac chuyén
gia trong thiét ké sach hinh va chit ndi Braille néi chung ciing nhu BDN néi riéng tai Viét Nam?

Bing 6. Pdnh gid ciia chuyén gia vé théch thirc va ki thudt

Ki thuét in Themoform Ki thuit in Swell
Stt Chi bao
DTB DLC | A DPTB | DLC | 4
1 | Kinh phi san XUAt. 3,43 1,50 2,80 1,30
2 | Do phic tap thiét bi, phdn mém in an. 3,00 1,17 3,40 | 0,55
3 | Bao tri van hanh ki thuat. 3,29 1,38 0.81 2,80 1,10 0.76
4 S}I phlAIc tap trong dao tao ngudi su dung 3.07 138 3.80 | 0.84
ki thuat.
DTB chung 3,19 1,35 3,20 | 0,94

Ngu(;n.' ) liéu khdo nghiém tac gia thuc hién nam 2024
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V& tiéu chi thach thie ki thuat, ca hai ki thuat déu nhan dugce danh gia &6 muc “phdn van”
dén “dong y”. Véi Thermoform, PTB cac chi bao dao dong tir 3,00 dén 3,43, PLC twong ddi cao
(PLC > 1,00), nhung hé¢ sb o dat 0,81, diéu nay chung té cac bién quan sat trong cung mot yéu td
do luong c6 cung mot khai ni€ém. Nguoc lai, ddi voi Swell, cac chi bao nhu chi phi nguyén vat
liéu (PTB = 2,80), phurc tap trong dao tao ngudi dung (DTB = 3,80), hay do phuc tap thiét bi
(PTB = 3,40) déu co BDLC > 0,80 va o = 0,76, phéan anh sy phéan hoa trong nhan dinh.

Su khac biét nay cho thdy mét sé chuyén gia danh gia cao Swell & tinh tu dong, d& thao tac
in, nhung ciing chi ra cac rao can vé chi phi va ning lyc van hanh. Trong khi d6, mot by phan
khac cho rang Swell chi pht hop & cac don vi c6 kinh phi dau tu 16n, c6 thé tiép can thiét b
chuyén dung va nhan luc dugc dao tao bai ban. Pay 1a li do vi sao hién nay chi mot sb trung tdm
16n hodc dy an hop tac qudc t& méi sir dung Swell, trong khi phan 16n céac co s& gido duc HSKT
Van phai trong chd vao hoc liu xtic gidc dugc hd tro tir bén ngoai. Piéu nay cho thiy, ngoai yéu
t6 ki thuat, tinh kha thi trong trién khai con phu thudc vao diéu kién kinh té va niang luc to chirc
o ting dia phuong.

Bing 7. Pdnh gid ciia chuyén gia vé khd néing phdt trién sin phim

St Chi bio Ki thuit in Themoform | Ki thuét in Swell

PTB | PLC A PTB | DLC| A
1 | Kha ning chuyén giao ki thuat in an. 429 | 0,73 3,80 | 1,10
2 | Chét luong san phém bdn dem lai. 4,43 0,65 4,00 | 1,00
3 | Chi phi phi hop véi kha ning tiép can. 4,07 0,83 3,20 | 1,64
4 | Sansang ap dung vao in 4n cac du an khac. | 4,36 0,50 3,80 | 1,10

5 | Yéu td bén ving lau dai cua ki thuat. 4,14 | 0,77 0.50 4,00 | 1,22 0.50

6 | Tan suét sir dung du kién. 4,00 | 0,78 4,00 | 1,00
7 | Phan hoi tir nguoi s dung. 4,36 0,63 3,40 | 0,55
DTB chung 3,97 0,75 3,36 | 0,87

Nguon: so liéu khdo nghiém tdc gid thic hién ndm 2024

V& kha ning phat trién san phdm, két qua khao sat cho thiy ki thuat Thermoform tiép tuc
dugc chuyén gia uu tién lya chon véi DPTB chung = 4,23 (BDLC = 0,70), dat mtrc “hoan toan déng
¥”; trong khi Swell dat mirc “dong y” véi DTB chung = 3,74 (BLC = 1,09). Hé s6 a. & c4 hai ki
thuat déu dat 0,80, phan anh mirc d6 nhat quan cao giita cac chi bao va cho thiy su dong thuin
tuong ddi trong danh gia ctia chuyén gia.

Trong phong van, 12/14 chuyén gia khing dinh Thermoform phul hop dé phat trién thanh ki
thuét in BDN chinh thirc tai cac co sé gido duc HSKT. Li do chu yéu 1a thiét bi nay da duoc trang
bi ¢ nhiéu truong, quy trinh van hanh quen thudc, chi phi dau tu ban dau hop 1i, BDN tao ra c6
d6 bén cao, chi tiét 5 nét va c6 thé tai sir dyng. Quan trong hon, ddi ngit GV tai cac don vi da c6
kinh nghiém v6i ki thuat nay, gitp t1et kiém thoi gian dao tao lai. Khac voi Thermoform, Swell
mic du c6 loi thé vé cong nghé va tdc do in, nhung chi phi nguyén liéu cao, thiét bi kho tiép can,
doi hoi ki ning van hanh riéng biét khién viéc nhin rong gip nhiéu tré ngai.

Nhu vay, Thermoform 14 ki thuat phut hop nhét trong bdi canh gido duc HSKT tai Viét Nam
nhd d6 bén cao, kha ning tai sir dung tot va trong thich véi didu kién trién khai hién c6. Két qua
nay tuong dong véi cac nghién ctru qudc té, nhu M. H. Abidi, A. N. Siddiquee, H. Alkhalefah,
and V. J. H. Srivastava, khi xac dinh Thermoform la phuong phap phd bién va higu qua nhét trong
san xuat BDN, dic biét trong mdi truong gido duc c6 han ché vé tai ‘nguyén [24]. KT thuét in Swell
duogc danh gia cao ¢ tée do va thao tac don gian nhung bi han ché vé& do bén, tinh chi tiét va chi phi
nguyén li¢u, phtt hgp vdi nhén dinh cua S. Ramsamy-Iranah, M. Maguire, J. Gardner, S. Rosunee,
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and N.J. B.J. 0. V. I Kistamah khi ki thuét nay chi thich hop cho tai liéu don gian, ngén han [20].
K thudt in 3D ¢ tiém nang phat trién nho kha ning ca nhan hoa va dg chi tiét cao, song yéu cau
vé cong nghé, chi phi va nhan luc khién ki thuét nay kho trién khai rong, phu hop vdi bao céo cua
L. Holloway, K. Marriott, and M. Butler cho rang in 3D chi hiéu qua khi c6 ha ting va chuyén
mon dong bo [9]. Tom lai, két qua nghién ctru phan anh xu huéng chung trén thé £i61, Thermoform
van la giai phap wu tién trong diéu kién gido duc dic thu chwa duoc chuan hoa vé cong nghé, trong
khi Swell va 3D chi phu hop & quy m6 nho hoac trong moi trudong cong nghé cao.

3. Két luan

Téng quan két qua nghién ciru cho thdy ki thuat in Thermoform cé tinh kha thi cao trong
viéc xay dung BDN cho HSKT. Cac chuyén gia hoan toan tu tin ap dung quy trinh dya trén ki
thuat nay do dép ung duoc ca mong mudn va diéu kién thye té clia cac _truong hoc hién nay. Vi
véy, nhoém tac gia lwa chon ki thuat in Thermoform lam nén ting dé dé xudt mot quy trinh xay
dung BDN, nham giai quyét kho khan chinh 1a sy thiéu hut mot quy trinh ki thuat thong nhét.

Két qua khao sat ciing chi ra rang thach thirc ki thuat van 1a tré ngai 16n nhat déi voi cac
chuyén gia. Do d6, cac nghién ciru tiép theo nén tap trung vao viéc xdy dung quy trinh ban d6 ndi
theo hudng tiép cin cong nghé thong tin, t6i wu héa quy trinh dé ting cuong kha niang chuyén
giao. Piéu nay s& gop phan thao g& nhimng kho khin ciia chuyén gia va nha truong trong viée
giam thiéu chi phi dau tu.
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