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B6i canh d6 thi héa nhanh chéng tai Viét Nam dang tao ra sy bung nd cdc dy an xay dung nha cao t?ing, kéo
theo nhitng thach thifc ngay cang phtic tap vé an toan lao dong. Mic dit cdc giai phap Tri tué Nhén tao (A
nhu Thi giac May tinh (Computer Vision), Phan tich Dy bédo (Predictive Analytics) va Robot/May bay khong
ngudi 14i (Robotics/Drones) da duge 4p dung thanh cong & mét sb quéc gia phat trién, viéc trién khai rong
réi tai Viét Nam vén gip nhiéu rio can (tai chinh, vin hod an toan, ha ting dit liéu, v.v.). Nghién cu nay
phat trién mét md hinh tham sé véi cac bién dau vao g6m ngan sach, mic do phic tap, vin hod an toan, va
s hd tro ctia thé ché nhdm dy bdo loi ich tiém ning (hay diém lgi ich) ctia titng cong nghé Al trong quan
1y an toan cong tredng nha cao tAng. Dit liéu dwgc thu thip tit 12 dy 4n xiy dung cao ting dang dién ra,
v6i 170 phan hdi hop 18. Nghién citu 4p dung Phén tich Hdi quy Da bién (thong qua MANOVA) dé danh gia
tac déng tong hop cua cac tham sb 1én ba chi s6 nhém cong nghé. Két qua cho thiy ngén sich, vin hod an
toan va hd trg thé ché c6 ¥ nghia théng ké cao trong viéc giai thich thay déi v& 1¢i ich an toan khi 4p dung
AL trong khi d6, chi s§ phic tap cong trinh lai khéng thé hién téc dong déng ké trong kiém dinh da bién.
Phén tich hdi quy OLS riéng ré cho titng chi s6 Al ciing cing ¢6 nhan dinh ring mdi cong nghé Al ¢6 mtic
d6 nhay cam khac nhau triéc cic tham s6 nay. Cong trinh nghién cttu déng gop ca v& mit 1y thuyét bing
cach 1am rd vai trd quan trong ctia nhan t6 vin hoé va hd trg' quan 1y, 14n thuc tién bing cach cung cdp mé
hinh phan tich di liéu, dinh huéng trién khai AI an toan tai Viét Nam.
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Rapid urbanization in Vietnam is fueling a boom in high-rise construction projects, leading to increasingly
complex occupational safety challenges. Although Artificial Intelligence (AI) solutions such as Computer
Vision, Predictive Analytics, and Robotics/Drones have been successfully applied in some developed
countries, widespread implementation in Vietnam still faces multiple barriers (financial, safety culture, data
infrastructure, etc.). This study develops a parametric model with budget, complexity, safety culture, and
institutional support as input variables to forecast the potential benefits (or “benefit scores”) of each Al
technology for managing safety in high-rise construction sites. Data were collected from 12 ongoing high-
rise construction projects, yielding 170 valid responses. The research employs Multivariate Analysis of
Variance (MANOVA) to assess the combined impacts of these parameters on three indexes of the groups of
Al technologies. The results show that budget, safety culture, and institutional support significantly explain
variations in Al-driven safety benefits, whereas the project complexity index does not exhibit a noteworthy
effect under the multivariate test. Separate OLS regressions for each Al score further reinforce the finding
that each AI technology displays different sensitivity levels to these parameters. The study contributes
theoretically by highlighting the crucial roles of cultural and managerial support factors, and practically by

offering a data analysis model and guidelines for safe Al adoption in Vietnam.

1. M6 dau

lam viéc trén cao, st dung ciu thép, van chuyén vat liéu qua nhiéu ting,

va rti ro té nga do diéu kién cong truedng phitc tap [1], [2]. Trong bdi

Viéc gia ting nhanh chéng céc cong trinh cao ting & Viét Nam canh ndy, trf tué nhan tao (AI) dugc ky vong sé hd tro gidm sat, dy bao

phan 4nh nhu ciu nha &, vin phong va ha ting d6 thi tai cdc d6 thi 16n tai nan, va ty d6ng hod mot s6 hang muc cong viéc nguy hiém, giam bét
(TP. H6 Chi Minh, Ha N6i, Da N8ng). Tuy nhién, cting v6i qué trinh nay, su phu thudc vao phuong thite quan ly thu céng [3], [4].

nganh x4y dung dang d6i mat vGi nhiéu thach thite vé an toan lao dong:
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Tuy nhién, trién khai Al tai Viét Nam chita dong bd va it nghién
ctu dinh lvgng mo ta cach thite céc bién s6 ¢ tAm cong trudng—nhu
quy mo tai chinh, diic diém ki thuat, méc d6 tuan thu an toan — tiong
tac v&i cac giai phap AL Do d6, nghién cu nay gi¢i thiéu mét mo hinh
tham s6 diing dé x4c dinh lgi ich tiém ning ctia ba nhém céng nghé Al
(CV), Predictive (PA),

va Robotics/Drones (RD), trong céc dy 4n cao ting. Qua d6, nghién citu

chinh: Computer  Vision Analytics
ky vong cung cap mot phitong phap ra quyét dinh dya trén dit liéu cho
cac bén quan ly va nha thau tai Viét Nam.

Nhiéu nghién cttu trén thé giGi da chitng minh hiéu qua cta Al
dac biét la nhitng mo hinh thi gidc may tinh phat hién vi pham an toan
[3]1, m6 hinh du béo tai nan [5], hay &’ng dung may bay gidm sat tu
dong kiém tra ngoai vi toa nha [6]. Tuy nhién, viéc sao chép giai phap
tif ndc ngoai khong phai lic nao cling phit hop véi diéu kién thiye
tién & Viét Nam - noi van thiu dong bo vé trinh d6 lao déng, tinh cam
két cta quan 1y, va quy mé dau tu cho cong nghé. Do d6 cén thiét xay
dyng mot mo6 hinh tham s6 mang tinh dia phuong hoa dé xac dinh
rd ngan sach, d6 phtic tap, vin hoa an toan, va hé trg thé ché anh

huéng thé ndo dén hiéu qua cia mdi cong nghé AL

2. Téng quan tai liéu

2.1. Vai tro Al trong an todn xdy dung

Qua nghién cifu tdng quan c4c nghién cttu trede trén thé gidi, cé
thé nhan thdy c6 cadc nhém chinh ctia céng nghé thi gidc may tinh sau:

e Computer Vision — Thi gidc may tinh (CV): Gitp nhéan dién vi
pham an toan (lao déng khong c6 thiét bi bao hd, xam nhap khu vire
cim) trong thoi gian thuc.

® Predictive Analytics — Phan tich du bao (PA): Phan tich d&
liéu tai nan, di liéu hoat dong cbéng truong, dva ra canh bdo s¢m.

® Robotics/Drones — Robot/May bay khong nguoi lai (RD):
Giam thiéu lao déng truc ti€p vao khu vire rii ro cao (mai, gian gido
trén cao, kiém tra mit ngoai toa nha).

e Natural Language Processing — X 1y ng6én ngit t@ nhién
(NLP): Hb trg nghién cttu tai liéu tw dong, nang cao mic dd dao tao,
x¥ 1y vi pham va céc 1gi ich khéc.

Céc ting dung Al nay tting duogc ghi nhan giam ti 1€ tai nan dang
ké tai mot s6 dv 4n quy md 16n & cdc nude phat trién [7]. Song, mitc
d6 4p dung tai Viét Nam vAn rat gi¢i han, chi ditng & thi diém hodc quy
md rit nho do chi phi cao va thiéu d6i ngti chuyén mon.

M&i nhém danh muc bao gdm nhiéu phiiong phép luan va cong
nghé khac nhau gép phin nang cao quan Iy an toan trong mdi trudng
xdy dung.

1. Thi gidc may tinh. Cac cong nghé thi gidc may tinh ngay cang
duogc stt dung nhiéu trong quéan 1y an toan xay dung dé theo doi tinh
trang céng tredong va hanh vi cta cong nhan. Vi dy, cic ky thuét x 1y
hinh anh d3 dugce stt dung d€ du doan va ngén ngita tai nan nga tai cac
cong trudng xay dung bing cach phan tich dit liéu truc quan va xac
dinh céc mdi nguy tiém &n [8]. Viéc tich hgp Md hinh théng tin xay
dung (BIM) véi thi gide may tinh cho phép hiéu toan dién hon vé dong

Iye cua cong tredng, tao diéu kién cho céc bién phdp an toan chu dong
[9]. Hon nita, viéc st dung mdy bay khong ngudi lai dugce trang bi
camera cho phép theo doi cong treong xay dung theo thdi gian thuc,
cung cap dif liéu c6 gi4 tri d€ danh gi4 an toan va quan 1y rti ro [10].

2. Phén tich du doan. Phén tich du doan déng vai trd quan trong
trong viéc dy dodn rui ro va tai nan an toan trong xiy dyng. Nhiéu
nghién ctu da chiing minh tinh hiéu qua cta cdc mé hinh hoc mady,
chéng han nht mang no-ron nhan tao va mdy vecto hd trg, trong viéc
du doan két qua an toan dva trén dit liéu lich st [111, [12], [13]. Viéc
tich hgp phan tich di liéu 16n tiép tuc cting ¢ kha ning dy doan bing
cach cho phép phan tich cic tap dit liéu 16n dé x4c dinh cidc m6 hinh
va méi trong quan lién quan dén céc sy ¢ an toan [14].

3. Robot/Mdy bay khéng ngudi l4i. Viéc trién khai robot va mdy
bay khéng ngudi 14i trong quan 1y an toan xay dung dang chuyén déi cac
hoat déng truyén théng. May bay khong ngudi lai dic biét c6 gia tri dé
tién hanh kiém tra cong tredng va gidm sat cac khu viee nguy hiém ma
khong khién nhan vién phai chiu rti ro [6]. Ching c6 thé chup anh va
video c6 d6 phan giai cao, c6 thé phan tich bing cic ky thuat thi gidc may
tinh dé x4c dinh céc vi pham an toan ho#c cdc méi nguy tiém 4an [10].
Hon nita, cAc hé thong r6-bét c6 thé duwgc 1ap trinh @€ thue hién cac
nhiém vu 13p di 13p lai va nguy hiém, gitip gidm kha ning xay ra 16i caa
con ngwoi va tai nan tai cic cong trudng xay dung. Su két hgp giita ro-
bot va Al gitip ting cwdng hiéu qua cua cic quy trinh quan 1y an toan,
cho phép danh gi4 rti ro va ng phé sy ¢d hiéu qua hon.

4. Xt 1y ngodn ngi ty nhién (NLP). NLP ngay cang duoc ap dung
dé phan tich di liéu vén ban lién quan dén an toan xay dung, ching
han nhu béo céo tai nan va tai liéu an toan. Bing cach st dung cac k§
thut NLP, cdc nha nghién cttu ¢ thé trich xuit nhitng hiéu biét c6 gia
tri tif vin ban phi ciu trtc, diéu nay rit quan trong dé hiéu nguyén
nhén va hdu qua cla céc s ¢6 an toan [15], [16]. Vi du, cic m6 hinh
ngoén ngit 16n da duoc sit dung dé phan tich cac twdng thuat vé tai nan,
cho phép phan loai va dv doan mic d6 nghiém trong cua tai nan [15],
[17]. C4ch tiép can nay khéng chi hd trg x4c dinh xu huténg va mo hinh
trong dit liéu an toan ma con hé trg phat trién cdc chuong trinh dao
tao an toan hiéu qua hon va céc chién luge truyén théng rai ro. Kha
ning x 1y va phan tich dit liéu van ban nang cao khudn khé quan ly
an toan tdng thé bing cach cung cip hiéu biét sau sic hon vé cic van
deé lién quan dén an toan. Tuy nhién, cdc mo6 hinh NLP c6 thé dé nhan
thay 1a chua dugc trién khai & Viét Nam do su khac biét vé ngén ngit,
nghién ctu nay tam thoi loai NLP ra khoi céc phén tich tiép theo.

2.2. Su phdt trién ctia cdc cong trinh cao tdng tai Viét Nam va qudn Iy an toan

Cac cong trinh cao tAng mang tinh phitc tap: Cong trinh cao ting
yéu cau van chuyén vat liéu qua nhiéu tAng, van hanh ciu thap, xit 1y két
cAu phifc tap, lich thi cong gitta c4c san chong chéo. Ngoai ra, vin hod an
toan & Viét Nam chua duoc chi trong xdy dung, c6 nghia la y thic va
thic hanh an toan ctia ngudi lao dong, théi quen tuan thii quy tic an toan
c6 xu huédng da dang, chia dige tiéu chudn hoa nhu & cac nuéc phét

trién [18]. Hon nita, hd trg tif thé ché - bao gobm cam két ctia ban gidm
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d6c¢ cong ty, chinh sach nha nuéc - chira dige quan tAm dting mite. Thiéu
st ho tro ndy, viéc trién khai Al thudng khong bén vitng.

Quan ly an toan trong thi céng nha cao ting 1a mét thach thite
da dién lién quan dén nhiéu yéu t6 quan trong. Mot s6 yéu td quan trong
sau duge xac dinh c6 lién quan dén quan 1y an toan lao dong céc cong
trinh cao ting.

- Ngdn sdch danh cho an todn. Céc rang budc vé ngén sach anh
huwéng dang ké dén quan ly an toan trong cic du 4n xay dung nha cao
tang. Ngudn tii tro day du 1a diéu can thiét dé thie hién cac bién phap
an toan, chuong trinh do tao va mua sim thiét bi an toan can thiét.
Nghién cttu chi ra ring ngan séch c6 ciu tric t5t c6 mdi twong quan
trite ti€p v6i két qua an toan dugc cai thién, vi né cho phép phan bd
ngudn lye cho dao tao an toan va tuan thi cic quy dinh vé an toan [19].
Hon nita, viéc 14p ngan sich khong du c6 thé din dén cac hoat déng an
toan bi xdm pham, lam téng kha nang xay ra tai nan va thuong tich tai
cOng trudng [20].

- S0 tdng. S6 tAng trong mot tda nha cao tAng 1a mot yéu t6 quan
trong anh hudng dén viéc quan 1y an toan. Céc tda nha cao ting dit ra
nhitng théch thttc riéng, bao gom rti ro gia ting lién quan dén do cao,
chéng han nhu té ngé va kha ning vat thé roi xudng [21]. Téc gia Ni
litu ¥ réing cac hoat dong trén cao trong xy dung nha cao ting din dén
ty 1& tai nan cao hon so v&i cac tda nha thip ting, doi héi cac bién phép
an toan nghiém ngdt hon [21]. Ngoai ra, tinh phifc tap clia hé théng
van chuyén theo chiéu doc va quy trinh so tan tr& nén rd rét hon khi
s6 ting ting lén, doi héi phai 1ap ké hoach va thuc hién cin than dé
dam bao an toan cho ngudi lao ddng [22]. M6i tvong quan gitta s6 tAng
va hiéu qua quan ly an toan dugc hd trg thém béi céc nghién cttu chi
ra ring cac coéng trinh cao hon doi héi phai ting cuwdng cac giao thic
an toan va dao tao cho ngudi lao dong.

- Luc wong lao dong. Lure lugng lao dong 1a yéu t6 then chét trong
viéc quan 1y an toan cta cac dy 4n x4y dyng nha cao tAng. Nang luc va
hanh vi ctia ngudi lao ddng anh huwdng trie ti€p dén két qua an toan. Li
va cong su xac dinh t6 chifc quan 1y va hanh vi an toan cta ngudi lao
dong 1a cac yéu t6 thanh cong quan trong anh hudng dén hiéu sudt quan
1y an toan [23]. Lyc lgng lao dong lanh nghé va duge dao tao bai ban
1 diéu can thiét @€ tuan tht céc giao thifc an toan va ¢ng phé hiéu qua
v6i céc tritdng ho'p khan cip. Hon nita, déng lwc ctia lvc Ivong lao dong,
bao gém s6 liigng cong nhan va trinh d6 kinh nghiém cta ho, c6 thé tac
dong dén vin hoa an toan chung tai cong tredng [24]. Nghién citu da chi
ra ring dau tu vao dao tao va phat trién lye lvgng lao d6ng dan dén giam
dang ké cac vu tai nan va thiong tich, nhdn manh tAm quan trong ctia
céc yéu t8 con ngudi trong quan 1y an toan [5].

- D§ phitc tap. Do phiic tap cua cac dy an x4y dyng nha cao ting
dit ra nhitng thach thitc ddng ké ddi v6i cong tac quan ly an toan. Céc
tda nha cao ting lién quan dén céc thiét ké phic tap, nhiéu giai doan
xay dung va nhiéu bén lién quan, tit ca déu c6 thé lam phiic tap thém
cong tac gidm sat an toan [25]. Zhao va céng su nhan manh ring tinh
phtic tap cua cac quy trinh x4y dwng ddi hoi céc chién lwgc quan 1y an
toan manh mé dé giam thiéu rti ro lién quan dén c4c san ning xay dyng

nha cao ting [26]. Hon nifa, viéc tich hgp cdc cong nghé tién tién,

chéng han nhut M6 hinh théng tin xay dwng (BIM), c6 thé ting cudng
quan 1y an toan béng cach cung cip hinh anh triec quan va mé phong
chi tiét vé quy trinh x4y dwng, do d6 cai thién cac chién lwgc xac dinh
va giam thiéu rti ro [27]. Tinh phifc tap ctia cic dy 4n nha cao ting
cling doi hoi sy giao tiép va phéi hop hiéu qua giita cdc nhém khac
nhau dé ¢am bao cac giao thiic an toan dugc tuan tht nhat quan [20].

- H{ tro ctia thé ché. Hb trg ctia thé ché déng vai trd quan trong
trong viéc dinh hinh cac hoat d6ng quan 1y an toan trong xay dung nha
cao ting. Cé4c khuén khé quan 1y chit ché va co ché thue thi 13 didu can
thiét &€ dam bao tuan thu céc tiéu chuin an toan [28]. T4c giad Nguyén
Anh Pttc nhidn manh s can thiét phai hiéu sy tiong tac ctia cc yéu to
t6 chifc trong viéc nang cao két qua an toan tai cdc cong tridng xay dung
[20]. Hb tro hiéu qué cua t6 chitc bao gom cung cip cdc ngudn luc dé
dao tao an toan, tao diéu kién tiép can thiét bi an toan va thic day vin
héa an toan trong céc t6 chitc. Hon nita, sw hop tac giita cic co quan
chinh pht, c6ng ty xay dyng va t6 chifc an toan c6 thé dan dén viéc phat
trién céc hoat dong thiee hanh va hwéng dan t6t nhét gitp ting cudng
quan ly an toan trong x4y duwng nha cao tang [29]. Sy hién dién cua céc
khuon khé thé ché hé trg da dugc lién két véi viée cai thién hiéu suit an
toan va giam ty 1€ tai nan & céc cong tredng xay dung.

Cac nghién citu hién c6 vé Al trong x4y dung da phan tap trung
mo ta hiéu qua titng céng nghé theo cach ddc 14p. Chwra ¢6 nhiéu mo
hinh do luvdng két hgp danh gia cling ldc tdc dong clia céc tham s6
t61 nhiéu cong nghé Al khac nhau. Tai Viét Nam, nhét 14 trong bdi canh
nha cao tang, thi€u mot khung dinh lwgng dé xac dinh xem céng nghé
nao mang lai 1oi ich t6i wu hon khi xét t6i han ché vé ngén sach, vin

ho4, va céc yéu t8 méi trudng phitc tap khéc.
3. Phuong phap nghién citu

Dé thu thap dif liéu, nghién citu thuc hién khao sat chi tiét nhi sau:
e Chon mau: 12 cong trudng cao ting (tif 15 ting try 1én) & TP.
H6 Chi Minh, Ha N6i, Pa Ning; yéu cau c6 thong tin ngan sach an toan,
s6 liéu lao dong, di liéu tai nan t&i thiéu mot nam.
e Ddi tigng: 170 phan hoi tit quan 1y du &n, ky su an toan, ky su
xay dung.
e Thu thap: Bang hoéi vé bién sd:
O Budget: Ngan sach an toan hing nim (USD).
O Floors, Workforce: S6 tAng, s6 cong nhan trung binh.
O Complexitylndex: Chi s phtc tap (téng hop sb san, ciu tric
thiét ké, d6 dong dic).
o SafetyCulture (1-5): Thang Likert, danh gid mitc do tuén thu,
nhéin thdc an toan (van hoa an toan).
O InstitutionalSupport (1-5): M@c cam két ctia ban lanh dao, co
quan quan ly.
O AccidentFreq: Tin suét tai nan/suyt tai nan (1in/thang trén 100
cong nhan).
O  AlAdoption: Mtic d6 thi nghiém AI (0 = khong, 1 = c6 mot phén).
Do chua ¢6 cong truong nao ap dung Al mot cach toan dién, cac

tac gia xay ding ba bién Score_CV (diém lgi ich do thi gidc méay tinh),
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Score_PA (diém loi ich do phan tich du doan), Score_RD (diém lgi ich
do robot/méay bay khong ngwdi 14i) duéi dang 1gi ich tiém nang, dia
trén phong van va dit liéu quan sat.

Phan tich phuwong sai da bién (MANOVA) va hdi quy binh
phuong nho thong thudng (OLS) 14 hai k§ thuat thong ké duge st dung
rong rdi trong nghién cttu dé phéan tich méi quan hé giita cac bién.
MANOVA md& rong Phan tich phiong sai (ANOVA) truyén théng béng
céach cho phép cac nha nghién cttu danh gi4 nhiéu bién phu thudc cling
mot lic, cung cdp hiéu biét toan dién hon vé cac tiong tac giita cac
bién nay. Ky thuit nay ddc biét hitu ich trong céc nghién ctu ma céc
bién phu thudc c6é twong quan, vi né gitip kiém soat ty 1& 16i loai I c6
thé phét sinh khi tién hanh nhiéu ANOVA [30]. Vi du, trong nghién cttu
gido duc, MANOVA di dugc stt dung dé d4nh gi4 hiéu qua ctia c4c bién
phép can thiép trén nhiéu bién phép két qua khac nhau, do d6 cung cip
thong tin chi tiét vé tdc dong téng thé ctia cac chién lwge gido duc [30].
Mt khéc, hoi quy OLS 14 mdt phuong phap thdng ké co ban duge st
dung d€ mé hinh héa méi quan hé gitta mot bién phu thudc va mot hoic
nhiéu bién doc 1ap. N6 gia dinh mot moi quan hé tuyén tinh va cha yéu
lién quan dén viéc wéc tinh cdc hé s6 biéu thi m8i quan hé nay. OLS
duge st dung rong rii do tinh don gian va kha ning dién giai cta né,
khién né tr¢ thanh lya chon phé bién trong nhiéu linh vic, bao gom
kinh té, khoa hoc xa hdi va nghién cttu sttc khoe [31]. Tuy nhién, OLS
¢6 nhitng han ché, dic biét 1a khi xi? 1y nhiéu bién phu thudc hoic khi
céc gia dinh vé tinh tuyén tinh, tinh ddng phwong sai va tinh chuén bi
bi vi pham. Trong nhitng trudng hop nhu vy, cadc nha nghién ctu c6
thé wwa chudng MANOVA hon dé ndm bét dugc sy phifc tap cta di liéu
hiéu qua hon [30].

Trong nghién cifu nhiéu bién phu thudc (Score CV, Score PA,
Score RD) cing mot bd bién doc 14p (InBudget, Complexitylndex,
SafetyCulture, InstitutionalSupport), néu chi chay OLS t4ch biét s& khé két
luan vé tic dong da bién tong thé. Céc ly do chinh ctia Ita chon nay 1a:

® Kiém dinh hiéu #ng téng hgp: MANOVA cho phép xem liéu
mot bién, vi du nhu ngan sach, c6 y nghia khi giai thich dong thoi cac
chi s6 Al hay khong.

® Hiéu qua thdng ké: Khi céc chi s6 1gi ich Al c6 kha ning
tWong quan v&i nhau, phan tich da bién (MANOVA) sé nidm bét twong
quan 16i gitta cAc md hinh t6t hon mé hinh don bién.

N6i cach khac, chon MANOVA dé tranh bo sét kiém dinh tong
hgp veé tdc dong cua tirng tham sd tGi ca ba phwong 4n Al Sau do, cac
téc gia vAn thue hién hoi quy OLS tach biét nhiim giai thich sdu hon d6
16n anh hudng 1én titng cong nghé Al

Quy trinh phén tich:

a. Tién xt 1y: Tao bién InBudget = In(Budget), kiém tra di liéu
ngoai lai, thiéu dit liéu. Ly do 12 ham loga sé giai quyét dwgc sy chénh
1éch rét 16n gitta ngan siach danh cho an toan cua rit nhiéu dy an.

b. Phéan tich MANOVA:

Trong phén tich MANOVA dé do ludng mic d6 anh huéng cua
mot tap bién doc 1ap X1én nhiéu bién phu thudc Y thuong sit
dung Wilks” Lambda [30]. Gia st ta c6 H 1a ma trdn hiéu @ing va E la
ma tran sai s6, thi Wilks’ Lambda duoc dinh nghia:

det (E)
= YGRS D) (€D)]
e H phan 4anh “hiéu tng” do céc bién déc 1ap tao ra,
e E phan 4nh phan bién thién chua giai thich ctia mé hinh.
Khi A nhé, H 16n so véi E, tiic cac bién doc 1ap giai thich manh
mé hon sy bién thién cua Y.
Tinh ma trin hé s6: Trong md hinh da bién, gia st ta c6: X 1a
ma trin di liéu (kich thue n X p, v6i n quan sét va p bién doc 1ap); Y
12 ma trin cac bién phu thudc (kich thudc n X m, véi m bién phu
thudc); B 14 ma tran hé s6 (kich thude p x m) thi cong thife wéc
lvgng B trong tried'ng hop tdi thiéu binh phiong dugce cho béi:
B = (X'X)"IX'Y )
Phin t& f;, cta B biéu dién hé sb clia bién doc lap i 1én bién
phu thudc k.
c. Hdi quy OLS: Ba m6 hinh riéng 1¢, mdi mo6 hinh mot bién phu
thudc (CV, PA, RD), trong dé:
- x; (kich thuéc 1 xp) la vector hang dit liéu cho quan sat
thit i (bao g?)m ca 1 cho intercept),
- Yicv»Vipa Yirp 12 céc gia tri thuc t& hodc uéc lvgng ctia
Score_CV, Score_PA, Score_RD,
- PBev, Bpa, Brp 12 vector hé s6(px1) Ging véi tiing bién phu thudc.
Céng thiic hdi quy OLS tiéu chuln cho cac bién phu thudc:

Yevi = Xifev + €icv 3
Ypai = XiBpa + €ipa @
Yrpi = XiBrp * €irp )

V&i €; ¢y, €ipa> € pp 12 céc sai s6 ngiu nhién.
d. Dién giai két qua: So sanh y nghia théng ké, hé s6 hdi quy,
kiém dinh R?, F-statistic

4. K&t qua va phan tich
4.1. M0 td thong ké khdo sdt:

Thong qua khao sat & 12 cong tredng, ¢6 170 phan hoi hop 1é,
v6i gia tri trung binh trong bang :
Trong do:

- BudgetUSD bién thién tit 30.000 USD dén 120.000 USD, v&i
trung binh ~72.083 USD/nam.

- Floors dao ddng tit 15 dén 35 ting, trung binh 23,17 ting.

- Workforce trung binh 395 lao dong/cong tridng, dd 1éch chuin
kha 16n do c6 duy 4n dén 600-650 cong nhan.

- ComplexityIndex 1a chi s6 chuén ho4 (z-score), trung binh 0,625
va @6 léch chuén 0,69.

- SafetyCulture c6 gié tri trung binh = 3 (trén thang 1-5).

- InstitutionalSupport trung binh 3,08, léch chuén ~1,0.

- AccidentFreq trung binh ~2,4 tai nan-suyt tai nan/thang/100
lao dong, 1éch chuén 0,67.

- AlAdoption trung binh = 0,5, ddng nghia 6/12 céng trudng
buée diu thit nghiém Al

Thong qua phéan tich d0 twong quan, cic tic gia nhin thiy

“Workforce” va “Floors” ¢6 tvong quan manh v&i “ComplexityIndex”.
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Thuc té, ComplexityIndex dugc chuén ho4 (z-score) dwa trén chinh céc
dic diém nhv s tAng, quy mé lao dong, dic thii thiét ké... Do d6, néu

cting lic dua vao m6 hinh “Workforce”, “Floors” va “Complexitylndex”

s& 1am phét sinh tinh trang da cong tuyén. Do d6, cic bién workforce
va floors dugc gdp vao bién ComplexityIndex (dd phic tap) cho cac
phan tich tiép theo.

Bang 1. M6 ta thong ké dit liéu tif khao sat.

Chi tiéu Ky hiéu bién Gia tri trung binh Do léch chuin

Ngan sich (USD) BudgetUSD 72.083,33 28,770,00
sb t?ang Floors 23,17 6,75
Lao dong (nguoi) Workforce 395,00 143,18
Chi sb phiic tap ComplexityIndex 0,625 0,69
Van hoé an toan SafetyCulture 3,00 0,74
HO tro' thé ché InstitutionalSupport 3,08 1,00
Tan sudt tai nan AccidentFreq 2,40 0,67
Ap dung Al AlAdoption 0,50 0,50

4.2. Két qud phdn tich MANOVA

K&t qua phéan tich MANOVA dugce tém ligc trong Bang 2.

Bang 2. Két qua kiém dinh MANOVA.
Tham s6 Wilks” A Num DF Den DF F Value Pr > F
Intercept 0,9746 3,0000 163,0000 1,4141 0,2406
InBudget 0,8994 3,0000 163,0000 6,0793 0,0006
ComplexityIndex 0,9916 3,0000 163,0000 0,4580 0,7120
SafetyCulture 0,9378 3,0000 163,0000 3,6013 0,0148
InstitutionalSupport 0,7835 3,0000 163,0000 15,0129 0,0000

Nhén thiy: e InstitutionalSupport (p<0,0001): Tac déng manh nhat, thé

¢ InBudget (p=0,0006): C6 tic dong d4ng ké khi xét da bién,
nghia 12 ngén sidch anh huwéng dong thoi dén Score_CV, Score PA,
Score_RD.

e ComplexityIndex (p=0,7120): Khéng anh huwdng ro rét 1én ca
ba chi sé.

e SafetyCulture (p=0,0148): Yéu t6 van hod an toan cé y nghia
tich cuc.

Bang 3. Ma trin hé s6 B.

hién vai tro6 chu dao cta lanh dao/chinh sach.
4.3. Ma trdn hé s6 B va OLS cho tirng céng nghé
e Ma trdn hé sé

Nhém tinh B duge xem xét d€ biét sy phan bd hé sb trén Score CV,
Score_PA, Score RD (Bang 3).

Hé sb Score_CV Score_PA Score_RD
Intercept 1,5834 -5,3074 -2,7979
InBudget 0,2226 0,9787 0,8223
ComplexityIndex 0,1242 -0,0338 0,1941
SafetyCulture 0,3407 0,3527 0,0881
InstitutionalSupport 0,3594 0,2002 0,4018
Nhan thay: . Score_RD: Manh nhit & InBudget (0,8223) va

e Score_CV: Hé sb cao & SafetyCulture, InstitutionalSupport.
e  Score_PA: Phu thudc manh vao InBudget (0,9787) va
SafetyCulture (0,3527).

InstitutionalSupport (0,4018).
e Hoi quy OLS riéng
PéE phan tich sdu anh hwéng ctia titng nhém cong nghé Al, ba mo
hinh OLS duwgc xem xét. Bang 4 ghi nhan R?, F-statistic, va hé sb p-value.
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Bang 4. K&t qua OLS cho Score_CV, Score_PA, Score_RD.

Model

Score_CV

Score_PA

Score_RD

R-squared

0,706

0,731

0,749

F-statistic

99,29 (p<0,001)

111,9 (p<0,001)

123,3 (p<0,001)

Intercept 1,58 (p=0,613) -5,31 (p=0,100) -2,80 (p=0,410)
InBudget 0,22 (p=0,463) 0,98 (p=0,002) 0,82 (p=0,013)
ComplexityIndex 0,12 (p=0,508) -0,03 (p=0,861) 0,19 (p=0,340)
SafetyCulture 0,34 (p=0,018) 0,35 (p=0,017) 0,09 (p=0,571)
InstitutionalSupport 0,36 (p<0,001) 0,20 (p=0,019) 0.40 p<0,001)

Nhén thay:

e Score CV: Vin hod an toan va hd trg thé ché 13 yéu t6 then chét, con
ngan sich (p=0,463) va phic tap (p=0,508) khong anh hudng.

. Score_PA: Gan chiit véi ngan sach (p=0,002), bén canh van hoa
(p=0,017) va hd trg (p=0,019).

e  Score RD: Ngan sich (p=0,013) va hé trg (p<0,001) chi phdi

manh, con phiic tap, van hod khéng r6 tic dong.
5. Thao luidn

Két qua MANOVA khéng dinh vai trd dong thoi cta ngdn sdch,
vdn hod an toan, hé tro thé ché véi ca ba chi s§ Al, trong khi dé phitc
tap khéng c6 ¥ nghia da bién. Piéu ndy nhin manh ring, ngay ca mét
cdng trinh kh4 16n va nhiéu tAng, néu khong dugce cap tai chinh day da
hay thiéu sy ung hd quan ly, thi hiéu qua Al c6 thé khong dige bao
dam. Tt d6 c6 cac goi ¥ thitc tién nhu sau:

® Thi gidc may tinh (CV): Chi phi cai d4t camera, server c6 thé
khong qué cao, nhung can vin hod an toan cao va sy quan tAm cua lanh
dao dé that sy van hanh va x1 1y vi pham.

® Phan tich dy doan (PA): Doi hoi ha tAng dit liéu (thu thap, lvu
trit, phan tich), nén cin ngén sach diy du. Bén canh d6, cong nhan va quan
1y phai coi trong du béo rti ro (van hoa an toan) va chtt dong @ng phé.

® Robot/May bay khong ngudi 14i (RD): Thudng tén kém nhat
(chi phi mua thiét bi, gidy phép bay, dao tao), cin quyét tAm 16n ti¥ ban
quan ly. Néu dugce diu tu tot, giai phap mdy bay khong ngudi 1ai giam
rui ro cho nguoi lao dong.

Ngoai ra, moé hinh dwgc xay diyng con déng gép & chd két
hop phén tich da bién (MANOVA) dé xem xét c4c tham s6 tac dong
ddng thi dén nhidu giai phap Al khac nhau. Qua dé, nghién citu bé
sung géc nhin dinh lwgng cho thdy ring bén tham s6 (ngan sich, do
phtic tap, vin hod an toan, hd trg thé ché) khong phai chi tac dong tach
biét 1én mot cong nghé, ma c6 thé c6 hiéu ng song hanh hodc khong.
Két qua cu thé gitip 1am 16 hon vai trd van hod va lanh dao trong moéi

tridng xay dung dang phat trién.
6. Kiém chitng M6 hinh

Sau khi x4y dyng mé hinh tham s8 va wéc lvgng cic hé so
(MANOVA + OLS), nghién cttu &p dung mé hinh cho hai dy 4n cao

tang khéc (khong thudc 12 du 4n géc). Mbi du 4n déu cao trén 20 tang,
ngan sich an toan va cdu tric khac nhau. Thay vi trién khai tric tiép
cong nghé Al cac tac gia da thurc hién kiém chitng thong qua cac buéec:

® Thu thap thong s6: Ngin sach, phifc tap, vin hod an toan,
hé trg 1anh dao giéng quy trinh cii.

e Tinh “Score_CV, Score_PA, Score_RD” thong qua cdng
thitc B da uéc lugng.

e Trinh bay Kkét qua cho hoi df)ng chuyén gia (5 thanh vién: 2
giang vién chuyén nganh xay dung, 3 quan 1y tit cac doanh nghiép xay
dung 16n) dé danh gia mic d6 hop ly.

Két qua cho thay:

+ Dy 4n A (Ha Noi, 25 ting):

MO hinh goi y “Score_CV” cao nhét do van hoé an toan tam kha
(diém 3-4) va quan 1y ting hd (4), trong khi ngan sach & mifc trung
binh. H6i déng chuyén gia danh gia 1a hop 1y vi 1ip camera va huin
luyén ngudi lao dong 1a twong ddi kha thi.

+ Dy 4n B (TP. H6 Chi Minh, 30 ting):

Piém mb hinh ghi nhan “Score_RD” 16n hon, do dy 4n nay cé
ngén sach cao va hd trg 1anh dao t8t. Hdi dong chuyén gia dong tinh
rdng may bay khéng ngudi 14i c6 thé hé trg kiém tra an toan miit
ngoai ¢ cao d6 16n. Tuy nhién, ho ciing lvu ¥ chi phi van hanh 1au dai
cin duoc tinh thém.

Sau khi xem xét “diém 1gi ich” do mé hinh tao ra, h6i dong
chuyén gia nhan xét:

+ Phu hgp v6i thye té: Cac dé xuit vé cong nghé Al twong ddi
sat v&i diéu kién ctia méi duy 4n.

+ Chua dé cap yéu t6 “hoc hoi theo thoi gian”: Chuyén gia goi
v mo hinh c6 thé m& rong thém dé phan 4nh qu4 trinh dy 4n hoc va
thich nghi.

+ Tinh kha thi: Néu dugc ap dung chinh thitc, doanh nghiép
can ké hoach tai chinh r6 rang va co ché xtt 1y dit liéu.

Nhin chung, cic chuyén gia dong ¥y mo hinh ¢6 d4u ra déng tin cdy, phit
hgp diéu kién & Viét Nam, cling nhu ¢6 tinh linh hoat khi tich ho'p nang

cao (vi du thém bién phu thudc vé chi phi-1gi ich).
7. Kétluan

Nghién cttu d& xudt va kiém chitng mot mé hinh tham s§ nh&m xac

dinh 1¢i ich dy kién ctia ba nhém céng nghé Al (Thi gidc mdy tinh, Phan
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tich dy doan, Robot/May bay khong ngu¥i 14i) trong quan ly an toan tai
céc dy 4n cao tAng Viét Nam. Thong qua phan tich MANOVA, céc tac gia
da x4c dinh ngan séich, vin ho4 an toan, va hd trg thé ché cé tic dong
théng ké dang ké khi xét toan dién, trong khi chi s6 phiic tap cong trinh
khong thé hién r8. Két qua chay héi quy OLS riéng ré cho thdy:

- Thi gidc mdy tinh phit hgp dy 4n c6 védn hod an toan cao, quan
1y tung ho, dit ngan sach chia hén qué 1én.

- Phdn tich du dodn doi hoi nhiéu tai chinh va mttc cam két an
toan, phtt hop v&i cong trinh ¢6 xu huéng dau tv 1au dai.

- Robot/Mdy bay khong nguoi ldi phu thudc chinh vao ngan sach
va quyét tm lanh dao, con d6 phtic tap va van hod an toan it néi bat
trong mo hinh.

Qua trinh kiém chitng mé hinh bing viéc 4p dung hé s6 tham s6
cho hai dv 4n cao tAng khic nhau va tham van hoi déng chuyén gia cho
thay két qua d& xuit nhat quan vé&i thite tién. Nghién citu nay déng gép
nén tang tham chi€u dinh lwgng cho doanh nghiép va nha thau xay
dung vé hudng ti€p can Al, dong thdi ggi ¥ cdc cdp quan 1y (ban gidm
d6c, co quan chitc ning) vé nhitng nhan t6 can u tién hd tro (chinh
sach khuyén khich tai chinh, ting ctdng van hod an toan, v.v.). Han
ché hién tai ndm & chd dit liéu chwa cé tinh hudng trién khai AI toan
dién, cling nhv pham vi mu con khiém t6n. Tuy viy, mé hinh tham s8
d3 dem lai cai nhin dinh huéng va cé thé tiép tuc hoan thién, b6 sung
bién s8 “hoc theo thoi gian” hay “danh gia chi phi - lgi ich” trong céc
nghién cu trong twong lai.

L&i cam on

Nghién ctu nay duogc tai tro béi Truong Pai hoc Xay dung Ha
Noi (HUCE) trong dé tai ma s6 11-2024/KHXD-TD.
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