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Loi gidi thiéu

Thua quy vi doc gia,

Thay mat nhoém bién soan, to6i xin chan thanh cam on
quy vi doc gia da don nhan cudn sach nay. Cuén sach ma
cac ban dang cam trén tay dugc nhom bién soan duac rut
tit chinh qua trinh lam viéc khéong mét moi trong linh vuc
nghién cuu khoa hoc xa hoi va nhan van (KHXH&NV). Vi
vay, nhom chung t6i hy vong cudn sach sé hé trg dac luc
cho nhiing ngusi muén dan than, cong hién, va lam viéc
khong mét moi.

Ban hoa tau dir liéu xa héi la mot trong nhing né luc
s6m nhat trong viéc giéi thiéu véi cong chung mot huéng
tiép can méi trong KHXH&NV: Thong ké Bayesian. Véi cach
tiép can méi, va mot phan mém "cay nha la vuon" nhu
bayesvl, chung toi hy vong sé€ giup nhung ngudi lam nghién
cttu c6 thém cong cu dé lam tang cong nang di liéu, va lam
tang kha nang tim toi, kham pha cac y tuéng doc dao. Mac
du bayesvl khong phai la chuong trinh duy nhéat vé thong
ké Bayesian, nhung véi KHXH&NV hién tai, cach xit ly cta
bayesvl, ma chung t6i sé trinh bay trong sudt 12 chuong
sach nay, la mot hudng di tién phong.

Chic hén, cic ban ciing c6 dai chut t6 mo véi tén goi
cua cubn sach?

Chung t6i quyét dinh dat tén Ban hoa tau dir liéu
xa hoi vi cac hinh anh dudc vé béi bayesvl lam nhém bién
soan lién tudng t6i nhiing ban nhac. Vi du nhu hinh Trace

xXxXi
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plot (nhu hinh 10.1 & chuong 10), hay hinh hé s6 Gelman
(nhu hinh 10.2, chuong 10).

Bén canh d6, moéi cong doan trong qua trinh xu ly
thong ké Bayesian véi bayesvl nhu két noi logic, hay san
xuat hinh dnh déu la mét phan ctia mét ban nhac 16n. Ca
qua trinh d6, mang t6i cho chung t6i nhiing cAm xuc tram
béng gibng nhu choi mot ban nhac. Vi vay, hy vong quy vi
doc gia cung sé tim thay nhing cam xuc sau lang ay trong
Ban hoa tau dir liéu xa héi ma chang toi gidi thiéu veéi
cac ban.

Chung t6i bién soan cudn sach nay hudng téi qua
trinh tu tim hiéu, st dung, va kham pha. Tuy nhién, c6
nhiéu phan thong tin hién trang chua thuc su day dua, thé
nén muc sé c6 nhiéu diém quy vi doc gia can xem phan
“Tai liéu tham khao. Su thiéu s6t nay xuat phat tur gici
han ctia viéc gi6i thiéu nhiéu bai toan bang mot cudén sach
200 trang. Cac bai bao khoa hoc cung cap tir 5.000 dén
10.000 chi d@é glal quyét moét bai toan tron ven. Vi vay, su
két hgp gitra cudn sach va cac tai liéu tham khéo la can
thiét cho hanh trinh tu kham pha cung bayesvl. Déi v6i
viéc st dung tai liéu tham khdo, cé nhiéu tai liéu bang
tiéng Anh nén c6 thé khién nhiéu doc gia gap can tré vé
ngon ngt. Cac han ché nay hy vong c6 thé sé dudc khac
phuc day d hon.

Hién tai, sau hon 4 nam nghién cttu va phat trién,
phién ban 0.8.5 ctia bayesvl da dugc phat hanh chinh thuc
trén CRAN tai URL: https://cran.r-project.org/web/
packages/bayesvl/index.html. Tuy nhién, phién ban day
di nhat hién nay la phién ban 0.9 trén GitHub, tai dia
chi: https://github.com/sshpa/bayesvl. Bén canh viéc
phat trién phan mém va tai liéu hoc tap, trong tuong lai,
SDAG Lab thudc Trung tam Nghién cau Xa hoi Lién nganh
(ISR), Truong Pai hoc Phenikaa, va phong Lab Al for Social
Data Lab (AISDL) sé con tiép tuc phat trién cac khoa hoc
ngan han dé hé trg quy vi.
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Hy vong, diéu kién trong tuong lai sé thuan 1¢i hon dé
chung t6i c6 thé dudc phuc vu quy doc gia tron ven nhat.
Con bay gig, xin moi quy doc gia cung tham gia trai
nghiém, cdm nhan va hoc tap ciing Ban hoa tau dir liéu
xa hoi.
Ha Noi, ngay 10 thang 7 nam 2021

Thay mat nhém tac gia
Vuong Quan Hoang
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Chuong 1

Vai nét so lucc

1.1 Vai nét so lucdc

Chuong trinh may tinh bayesvl chay trén moi truong lap
trinh danh cho ngon ngtt tinh toan thong ké R duge chinh
thic xuat ban trén Comprehensive R Archive Network (CRAN)
ngay 24-5-2019, phién ban v.0.8.5, tai tai liéu s6 [3]. Cac
ban cap nhat ctia chuong trinh bayesvl dugc dang tai mién
phi trén kho ma nguén mdé GitHub. Trén GitHub, hién tai
chuong trinh dang duge danh s6 phién ban v.0.9 [4].

Sau khi vugt qua kiém tra ky thuat ctia R Core Team,
bayesvl dugc san xuat thanh cac phién ban ma may, kem
theo tai liéu ctia R Documentation, cung cap chinh thtc
tai trang ch1 cila CRAN: https://cran.r-project.org/
web/packages/bayesvl/index.html. Ngoai Github [4] nhu
da noi, chuong trinh c6 thé dé dang tai truc tiép tir nhiéu
may cht1 khu vuc, dat tai cac truong dai hoc va trung tam
nghién ctu lién két véi mang ludi tai liéu ky thuat cta
R. Vai vi du vé cac noi c6 thé tai tai liéu chinh thtic cta
bayesvl dué6i day (da ki€m tra truy cap Ngay 14 thang 7
nam 2021):

o https://mran.microsoft.com/package/bayesvl

1
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o https://cran.csiro.au/web/packages/bayesvl/bayesvl.
pdf

o https://rdrr.io/cran/bayesvl/
o https://www.r-pkg.org/pkg/bayesvl
o https://www.crantastic.org/packages/bayesvl

o http://packages.renjin.org/package/org.renjin.
cran/bayesvl

o ftp://stat.ethz.ch/CRAN/web/packages/bayesvl/
index.html

o https://ftp.uni-sofia.bg/CRAN/web/checks/check_
results_bayesvl.html

o http://espejos.ucr.ac.cr/CRAN/web/checks/check_
results_bayesvl.html

o http://repo.miserver.it.umich.edu/cran/web/checks/
check_results_bayesvl.html

o https://espejito.fder.edu.uy/cran/web/checks/
check_results_bayesvl.html

Bén canh do, chuong trinh cung dugc gidi thiéu mot
s6 noi nhu bao Khoa hoc & Phdt trién [5], trang web cac
co quan Khoa hoc - Cong nghé [6], va truong dai hoc nhu
Truong Pai hoc Phenikaa [7], hay Truong Dai hoc Ngoai
thuong [8].

Chuong trinh bayesvl phan nao da tra 16i cau hoéi ma
nhom nghién citu néu ra trong nghién cau European Sci-
ence Editing vao nam 2019: Lam thé nao dé c6 thé gop
phan cd v va phat trién KHXH&NV theo xu huéng hién
dai ctia thé giGi? Lam thé nao dé€ gop phan gidi quyét cac
van dé 16n cia KHXH&NV hién nay? Dbi v6i doi nga bién
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soan, chuing toi c6 niém tin rang thuc day khoa hoc mé, va
tiép can voi thong ké Bayesian c6 thé sé dong gop nhiung
giai phap htu ich. Ly do cho nhan dinh nay ching toi xin
phép duge ban ky hon trong phan sau.

Tuy vay, truéc khi lam quen véi théong ké Bayesian
va chuong trinh bayesvl, cuon sach sé ban so lugc vé cac
vuéng mac ma ngay ca cac nha nghién cadu KHXH&NV Ky
cuu van gap phai khi nhac téi phuong phap tuy lau doi
nhung méi mé nay.

1.2 Nhirng vuéng mac

Su tén tai dai dang ctia théi quen nghién citu “dém sao”
(Stargazing), p-hacking va HARKing [9] 1a nguyén nhan
khién cho tinh trang nghién ciu khoa hoc xa hoi khong
thé tai xac lap tré nén nghiém trong [10]. Nham giai quyét
van dé nay, Daniel J. Benjamin va cong su da dé xuat thay
doi muc “y nghia théong keé”, theo dé p-value giam xubng
ngudng 0,005 cho nhiing nghién cttu méi [11]. Bé xuat ctia
ho gan nhu ngay lap tuc gap phai su phan doéi tit Amrhein
& Greenland (2017). Valentin Amrhein va Sander Green-
land dua ra lap luan vé muc d¢ rii ro cao clia viéc qua tu
tin vao két qua toan hoc, viéc danh gia thap tinh khong
chac chan (Uncertainty), va viéc loai bo cac ly luan don
gian dua trén “muc y nghia” p-value [12].

Thong ké Bayesian c6 thé la gidi phap cho van dé nay
[13, 14, 15]. Phuong phap nay c6 nhiéu diém phu hgp
v6i khoa hoc xa hoi, nganh khoa hoc ma moi quyét dinh
thuong dugc dua ra duéi su khong chac chan [14]. Hon
nita, phuong phap Bayesian con c¢6 kha nang cap nhat
tinh hgp ly khi c¢6 bang chung mdéi [16]. Pay dudc coi 1a
stc manh cot 16i ctia “toan hoc trén co s6 thong thuong”,
dac biét trong linh vuc khoa hoc xa hoi, nganh khoa hoc
c6 nhiéu triét Iy khong nhat quan va chua tim ra giai phap
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cho tinh trang két qua nghién ctu khong thé tai xac lap.
Mot thé manh khac ctia phuong phap Bayesian duge nhiéu
nha khoa hoc khing dinh 1a kha ning tinh chinh suy luan
va su ro rang vé sai léch uéc tinh [17].

Viéc iing dung rong rai phuong phap thong ké Bayesian
la khong thé tranh khoi, dac biét khi tré ngai chinh ctia
viéc ap dung Bayesian 1la chi phi tinh toan [16] da dudc
giai quyét nho su phat trién khong ngiing ctia may tinh va
cac phan mém mé mién phi nhu R, Stan va JAGS [14, 15].

Van dé p-hacking la van dé ton tai kha lau trong
nganh khoa hoc xa hoi, tham chi mic o« = 0,1 van c6 thé
dugc chap nhan trong nhiéu nganh con nhu quan ly hay
hanh chinh cong. Johns A. Scales va Roel Snieder (1997)
coi su ton tai ctia viéc nghién ctiu “dém sao” trong khoa
hoc xa hoi la su bién minh bang cach biéu dién da lieu
trén co sé toan hoc [16]. Su ton tai nay lam gia tang viéc
ung dung nguyén ly entropy cuc dai [14, 15]. Nhiéu ngudi
c6 khuynh huéng xem nhing “con s6 thong ké 1on xon” 1a
tré ngai cho viéc dua ra “giai phap thuc dung” trong nghién
cuu [16].

1.2.1 Trd ngai toan hoc

Ngay ca khi dugc thuyét phuc rang: “Ban sé khong can
st dung mot chut kién thic toan nao trong ung dung
phan tich dor liéu”, thi hau hét moi ngusi van coi toan
la rao can tiép can véi phuong phap Bayesian. Tham chi
nhiing ngusi dugc dao tao vé théng ké cung c6 thé khong
gidi thich chinh xac y nghia p = 0,05 rang 95% gia thiét
goc (null hypothesis) 1a sai; va gia thiét nghich 1la dang
[17]. Du la v6i cac chuyén gia co kinh nghiém, cac nha
nghién cttu hién nay van c6 thé can phai tham gia khoa
hoc dao tao chuyén sau vé ky thuat lién quan dén phuong
phap Bayesian, trong vong khoang 20 dén 50 gio hoc (ttc
khoang mot dén hai hoc ky) d€ vugt qua néi sg vé toan nay.
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1.2.2 Trd ngai lap trinh

Mot van dé ton tai da lau & cac nha nghién ctru khoa hoc
xa hoi trong viéc ap dung phuong phap thong ké Bayesian
la khong c6 cac phan mém “cam la chay” nhu nhirng phan
meém ho dang quen st dung v6i phuong phap thong ké tan
suat hay thong ké c6 dién (Frequentist) [17].

Ngay nay, véi su phd bién ctia cac ngon ngix 1ap trinh
mé nhu R véi cac phién ban chay trén Linux, Windows, Ma-
cOS va cac cong cu dién toan Bayesian nhu BUGS, JAGS,
Stan khong chi hoat dong trén R ma con trén Mathemat-
ica, Matlab; thi viéc viét code khong nén tré thanh van dé
16n [14, 15]. Tuy nhién, cac nha nghién ctru phai tu minh
vugt qua noi s¢ hai dé. Néi s¢ hai nay cang tré nén tram
trong hon khi cac “phuong phap Fisherian” c6 vé mang lai
nhiéu lgi ich thiét thuc nho viéc dé st dung, uu tién xay
dung mo hinh, va cho phép phan cong cong viéc trong viéc
tim kiém giai phap cho mot van deé phic tap [18].

Theo mot cach nao do, viéc stt dung cac phan mém
va giai phap c6 san trong cac van dé nghién ctu can s
dung thong ké 1a mot trong nhirng nguyén nhan dan dén
viéc giam trinh do hi€u biét vé may tinh, cac ky nang lap
trinh, va quan trong hon la giam kha nang hoc ngon nga
mdi d€ nghién cttu khoa hoc.

1.2.3 Vung an toan

David Malakoff (1999) c6 1€ da dung khi nhan dinh 1gi ich
ma phuong phap théng ké cé dién (Frequentist) mang lai
cho nha nghién ctu khoa hoc xa hoi nhu sau: “Chung
tuong do6i dé ap dung cho cac van dé thuc té-khong giong
nhu phuong phap Bayesian” [17]. Va & cu6i duong ham, c6
mot cay dua than mang tén p-value. Su két hgp gitta cay
daa than p-value va toc do tinh toan nhanh da khién hanh
vi nghién ctu “dém sao” tré thanh phuong thic chinh ctia
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nhiéu nha khoa hoc; dén mtic mot s6 con tu noéi diia minh
1a “con khi hoi quy”.

Vung an toan, noi ma nhiing théi quen ctia thong ké
c6 dién dudc 1ap di lap lai méi ngay, duge bao vé manh mé
truéc moi su xam nhap t nhung khai niém “ngoai hanh
tinh” nhu phuong phap Bayesian. Hién tai, ké c& khi cuoc
khiing hoang tai xac lap két qua ctia nganh tam ly hoc [19]
dat ra cac van dé quan trong vé phuong phap nghién ctau
va xu ly théng ké, viéc thay thé hoan toan phuong phap
théng ké c6 dién bang Bayesian van chua dugc coi 1a mot
giai phap t6i uu. Nhirng nha nghién cttu nén chu y rang,
mot nha khoa hoc rat thanh céong nhu Frank Harrell da tu
chuyén d6i sang phuong phap Bayesian khi ong giap kho
khan trong viéc giai thich van dé bang p-value va khoang
tin cay [20].

1.3 Mot s6 wng dung trong cong viéc

D€ gidi dap nhiing vuéng mic dudc néu trén day, nhom
nghién ctu da trai qua hanh trinh tu kham pha va hoc
héi cung véi thong ké Bayesian. Cudi cung, chung téi da
dugc hudng qua ngot vGi cac cong trinh nghién cau da
dugc cong bo [21, 22, 1, 23]. Thong ké Bayesian da t6 ra
httu dung ca vé xir ly thong ké 1an cung cap doé hoa chat
lugng (vi du, Hinh 1.1). Tuy nhién, d€ giap nhing ngudi
mdi khac c6 thé tiép can véi thong ké Bayesian va triét ly
Bayesian ma khong gap nhiing tré ngai do lap trinh hay
toan hoc mang lai, nhéom nghién cttu da quyét dinh thiét
ké va xay dung chuong trinh bayesvl.

6



Chuong 1: Vai nét so lugc

b_Viol_ O

b_Lie_O

Hinh 1.1: Mot do hoa st dung trong [1]
Nguon: ©2021 AISDL va SDAG

Trudc tién, chuong trinh bayesvl khong chi don thuan
la mot phan mém thong ké, ma né con hé trg ngusi dung
trong viéc tiép can triét ly Bayesian, cach nghi va suy tu
vé logic va cau truc du liéu, va cach danh gia cac két qua
thong ké Bayesian. Bén canh bayesvl, cing da c6 nhiéu
chuong trinh khac c6 tinh nang su pham cao nhu chuong
trinh Rethinking cia Richard McElreath da va dang lam
rat tét ca v6i phan sach va ma may tinh [14]. Tuy nhién,
tiép can tu duy véi luéi Bayesian (Bayesian Network), va
uéc lugng bang phuong phap MCMC méi thuc su la diém
manh ctia bayesvl, va hién tai van la y tudng riéng cua
phong lab Al for Social Data Lab (AISDL).

Mot s6 vi du vira diéfm & trén cho thay gia tri sir
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dung kha linh hoat ctia chuong trinh bayesvl. Hién nay,
chuong trinh cting con nhiéu tiém nang cé thé tiép tuc
khai thac, va nhiing diém can hoan thién cho viéc stt dung
dugc thuan tién hon. Trude day, viéc st dung chuong trinh
bayesvl con gap nhiéu han ché. Pau tién la han ché ctaa
Ban huéng dan st dung, bang ca tiéng Viét [24] va tiéng
Anh [25]. Do ban dau dugc chuan bi dé dam bao yéu cau
ky thuat ctia R Core Team d6i v6i cong tac kiém tra, danh
gia quy chuin chuong trinh, ban huéng dan chi tap trung
vao cac lénh va khai bao. Cac phan hé tr¢g moé hinh va ly
thuyét tuong d6i mong.

Bén canh do, cac tai liéu lién quan téi chuong bayesvl
cuing thiéu cac vi du tiéu biéu ctia cac mo hinh ung dung
phan tich théng ké bang bayesvl. Diéu dang noi la cac ung
dung nay phai dam bao tiéu chudn: di tit don gian dén
phtic tap. Néu tét hon nia, dé ddm béo tin cay, thi cac
ung dung cu thé ctia bayesvl nén dudc binh duyét va da co
hiéu chinh dua trén danh gia ctia chuyén gia.

Cubi cung, tai lieu huéng dan cung can dugc bé sung
nhiing phan ly gidi hodc so sanh véi cac moé hinh thong ké
c6 dién. Méi lien hé nay t6 ra c6 ich v6i nhitng ngusi da
quen v6i thong ké cd dién, nhung hién con thiéu nhing vi
du toan dién, dac biét 1a qua di liéu va bai toan thuc té.
biéu nay cho thay chuong trinh bayesvl can c6 su bd trg
cliia mot tai liéu c6 tinh su pham tét hon (ky ludng, toan
ven va day du nodi dung dan chiéu tai chd). Chi khi c6 mot
tai liéu nhu vay, kha nang tiép can ngusi dung, ho trg cong
viéc nghién cuu, giang day, cing nhu tim kiém huéng dé
cai thién tinh nang ky thuat va thuc hanh cho ngusi dung
m6i c6 thé duge phat huy.
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1.4 Huédng giai quyét

V6i cac van dé cu thé dudc néu trén, cuén sach dit ra
hudéng gidi quyét cac han ché nhu sau:

o B0 sung cac 16p bai toan tir dé téi kho, st dung du
liéu xa hoi c6 thuc, tét nhat 1a tir cac cong bé quoc
té da qua phan bién ky ludng. Chuan bi cac doan
chuong trinh cho viéc xay dung cac mo hinh do6 st
dung bayesvl, va cac két qua kém theo.

o San xuat moét gido trinh phuc vu viéc dao tao va st
dung bayesvl trong cong viéc nghién cutru, sao cho 3
ngay c6 thé da cho viéc tiép can ban dau va tu doc
tiép tai liéu lién quan.

o St dung tai liéu dao tao tht trong pham vi nho, truc
tiép vao cac nghién cuu thuc té dang trién khai.

Du an trén bat dau ngay tir cudi quy 1 nam 2020. Khi
hoan thanh co ban thi cang cé 1€ 1a luc AISDL s€ nang sb
hiéu phién ban chuong trinh 1én v.1.0.0. Hy vong cong viéc
nay con gop phan thuc day tich cuc theo huéng chti dong
tiép can khuynh huéng va nhu cau phan tich dit liéu ctia
cong dong khoa hoc quobc té [26].
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Trién khai va ki€m tra ky thuat

Viéc trién khai xtt ly ky thuat 6 day chinh la qua trinh
viét code may tinh trén phan mém bayesvl. D6i v6i khoa
hoc hién dai, viéc cong khai code may tinh sé giup cac
nha nghién cttu khac c6 nhiéu co s6 hon dé thuc hién lai
nghién ctu va kiém tra két qua [88]. V6i mé hinh dugc
trinh bay 6 phan trudc, chung t6i s€ gigi thiéu phan code
may tinh nhu sau:

modell<-bayesvl ()
modell<-bvl_addNode (modell, "Readbook", "binom")
modell<-bvl_addNode (modell, "HighAPS", "binom")
modell<-bvl_addNode (modell, "LowAPS", "binom")
modell<-bvl_addNode (modell, "Reason_PR", "binom")
modell<-bvl_addNode (modell, "HighAPS_Reason_PR","trans")
modell<-bvl_addNode (modell, "LowAPS_Reason_PR", "trans")
modell<-bvl_addArc (modell, "HighAPS", "HighAPS_Reason_PR",

UL

modell<-bvl_addArc (modell, "Reason_PR", "HighAPS_Reason_PR

] "*")

4
modell<-bvl_addArc (modell, "LowAPS", "LowAPS_Reason_PR","*
")
modell<-bvl_addArc (modell, "Reason_PR", "LowAPS_Reason_PR"
,n*n)
modell<-bvl_addArc (modell, "Reason_PR", "Readbook", "slope"
)

3 modell<-bvl_addArc (modell, "HighAPS_Reason_PR", "Readbook"

,"slope")
modell<-bvl_addArc (modell, "LowAPS_Reason_PR", "Readbook",
"Slope")

V6i phan code may tinh dugc lay truc tiép tit R, doc
gid clia nghién cttu c6 thé truc tiép xay dung lai mo hinh
va hiéu sau hon vé méi quan hé logic trong viéc xay dung
mo hinh nghién ctiu. Bén canh do, viéc kiém tra logic va
chuan muc ky thuat ctia moé hinh cting rat quan trong. Do
hoa ctia bayesvl giup ngudi dung va ca doc gia c6 thé kiém
tra cac van dé nay mot cach dé dang.

Véi lénh bvl_bnPlot, ta sé c6 so do logic nhu hinh 12.1:
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Hinh 12.1: So d6 logic ctia Model
Nguon: ©2021 AISDL va SDAG

Thong qua biéu thi dé hoa & hinh 12.1, ta c6 thé dé
dang ki€m tra cac bién va moéi quan hé ctia chuing. Sau khi
ki€ém tra tinh hgp ly ctia mo hinh, chung ta sé tao ra code
STAN cho mo hinh véi 1énh bvl_model2stan:

1 functions{
2 int numLevels (int[] m) {
int sorted[num_elements (m)];
4 int count = 1;
5 sorted = sort_asc(m);
6 for (i in 2:num_elements (sorted)) {
7 if (sorted[i] != sorted[i-1])
8 count = count + 1;
9 }
10 return (count) ;

11 }
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12}

13 data{

14 // Define variables in data

15 int<lower=1> Nobs; // Number of observations (an
integer)

16 int<lower=0, upper=1> Readbook [Nobs]; // outcome
variable

17 int<lower=0, upper=1> HighAPS[Nobs];
18 int<lower=0,upper=1> LowAPS[Nobs];

19 int<lower=0, upper=1> Reason_PR[Nobs];
20 }

21 transformed data{

22 // Define transformed data

23 vector [Nobs] HighAPS_Reason_PR;

24 vector [Nobs] LowAPS_Reason_PR;

25 for (i in 1:Nobs) {

26 LowAPS_Reason_PR[i1] = LowAPS[i]*Reason_PRI[i];
27 }

28

29 for (i in 1:Nobs) {

0 HighAPS_Reason_PR[i] = HighAPS[i]*Reason_PR[i];

1 }

N

}

parameters{

// Define parameters to estimate
real a_Readbook;

real b_Reason_PR_Readbook;

real b_HighAPS_Reason_PR_Readbook;

9 real b_LowAPS_Reason_PR_Readbook;

40 }

41 transformed parameters{

42 // Transform parameters

43 real theta_Readbook[Nobs];

44 for (i in 1:Nobs) {

45 theta_Readbook[i] = a_Readbook + b_Reason_PR_
Readbook * Reason_PR[i1] + b_HighAPS_Reason_PR__
Readbook * HighAPS_Reason_PR[i] + b_LowAPS_Reason_PR__
Readbook * LowAPS_Reason_PR[i];

46 }

47 '}

48 model {

49 // Priors

50 a_Readbook ~ normal (0,100);

51 b_Reason_PR_Readbook ~ normal( 0, 10 );

52 b_HighAPS_Reason_PR_Readbook ~ normal( 0, 10 );

'S
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W W W W W W W w w w
& &
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b_LowAPS_Reason_PR_Readbook ~ normal( 0, 10 );

// Likelihoods
Readbook ~ binomial_logit (1, theta_Readbook);
}
generated quantities {
// simulate data from the posterior
int<lower=0,upper=1> yrep_Readbook[Nobs];
// log-likelihood posterior
vector [Nobs] log_lik_Readbook;
for (1 in l:num_elements (yrep_Readbook)) {
yrep_Readbook[i] = binomial_rng(Readbook[i], inv_
logit (theta_Readbook[i]));
}
for (i in 1:Nobs) {
log_lik_Readbook[i] = bernoulli_logit_lpmf (Readbook[
i] | theta_Readbook[i]);
}
}

Pay cung la mot phan code quan trong va nén dé vao
bai viét néu c6 thé. Tuy nhién, vi phan code STAN nay
thuong rat dai, nén khi trinh bay bai, ta c6 thé d€ vao
phan Tai liéu phu trg (Supplementary Materials).

Sau do, ta tién hanh chay mo hinh véi 1énh bvl_modelFit:

modell<-bvl_modelFit (modell, datal, warmup = 2000, iter
= 5000, chains = 4,cores = 4)
summary (modell)

Sau khi chay mé hinh thanh céng, ta sé c6 bang két
qua nhu sau xuat hién trong R.

Model Info:
nodes: 6
arcs: 7
scores: NA
formula: Readbook ~ a_Readbook + b_Reason_PR_Readbook * Reason_PR +

b_HighAPS_Reason_PR_Readbook * HighAPS*Reason_PR + b_LowAPS_Reason
_PR_Readbook * LowAPS*Reason_PR

Estimates:

Inference for Stan model: e7f9b0a5141d9a85d9c49aff0884df71.

4 chains, each with iter=5000; warmup=2000; thin=1;

post-warmup draws per chain=3000, total post-warmup draws=12000.

mean se_mean sd 2.5% 25% 50% 75%
97.5% n_eff Rhat
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a_Readbook 0.12 0.03 1.78 -3.41 -0.99 0.10 1.18
3.80 4827 1

b_Reason_PR_Readbook 2.51 0.03 1.96 -1.45 1.27 2.52 3.76
6.47 4720 1

b_HighAPS_Reason_PR_Readbook 8.31 0.10 6.17 -0.20 3.55 7.13 11.85
22.65 3632 1

b_LowAPS_Reason_PR_Readbook 7.31 0.10 6.21 -1.34 2.54 6.19 11.00
22.05 3619 1

Samples were drawn using NUTS (diag_e) at Mon Mar 22 00:56:22 2021. For
each parameter, n_eff is a crude measure of effective sample size,
and Rhat is the potential scale reduction factor on split chains

(at convergence, Rhat=1). elapsed time: 57.9118580818176 secs

Bén canh phan két qua chinh ma chung ta sé stt dung
trong phan téi. C6 mot s6 thong s6 quan trong chung ta
can néu ro khi kiém tra ky thuat cho mé hinh:

O chains

iter (Iterations)

@)

O warmup

@)

n_eff (Effective sample size (ESS))

O Rhat

Cac thong sb6 nay nén dugc nhac dén khi trinh bay
kiém tra ky thuat ctia mo6 hinh Bayesian. Bén canh cac
thong so6, bayesvl va théong ké Bayesian con c6 tinh chat
hinh anh cao. Cac hinh 4nh duéi day la cac san pham dé
hoa hoa ctia cac cach kiém tra tiéu chudn ky thuat ctia mo
hinh.

Hinh 12.2 kiém tra hoi tu ctia cac xich Markov. Méi
xich trong hinh déu dudc chia thanh 4 xich thanh phan,
v6i 5000 vong lap cho méi xich (iterations). Vé tdng thé, cac
xich khong c6 chudi nao bat thuong (divergent chains), tuc
la bi phan ly va cho thay dau hiéu manh ctia hién tugng tu
tuong quan (phan tinh chat Markov ctia phan phoi). Néu
phan tach mot xich thanh tirng phan va so sanh thi ta sé
c6 cac phan kha tuong dong nhau vé mat hinh anh.
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Hinh 12.2: Kiém tra do hoi tu ctia cac xich Markov
Nguon: ©2021 AISDL va SDAG

chain

— 3

Hinh 12.3 cho phép kiém tra do hoi tu theo hé s6 co
Gelman. Hé s6 co Gelman (“Gelman shrink factor”) hay con
dugc goi 1a hé s6 suy gidm quy mo tiém nang (potential
scale reduction factor) thudng dudc st dung trong chan
doan hoi tu. Chan doan hoi tu nay rat can thiét dé€ dua ra
cac két luan dua trén phan phéi sau, moé ta chinh xac mo
phong tham s6 va cac yéu té khong chac chan.
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Hinh 12.3: Kiém tra do hoi tu theo hé sé co Gelman
Nguon: ©2021 AISDL va SDAG

Hinh 12.4 cho phép ta ki€ém su tu tuong quan (auto-
correlation) ctia ting hé s6. Thuat toan MCMC san xuat
ra cac mau tu tuong quan (autocorrelation) véi nhau chu
khong doc lap. Vi vay, viéc bi tron lan (mixing) cham do
ti 16 chap thuan qua cao hoidc thap c6 thé dan dén cac
qua trinh khéng dam béao tinh chat Markov. Viéc ki€ém tra
nham dam bao sau mot sé6 bude hitru han, hién tugng au-
tocorrelation s€ bi triét tiéu (vé 0).

230



Chuong 12: Khép lai hanh trinh
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Hinh 12.4: Kiém tra su tu tuong quan ctia tiing hé sé
Nguon: ©2021 AISDL va SDAG

Hinh 12.5 cho thay muc d6 théa man ky thuat cta
phan phoéi ctia cac hé s6. Cubi cung, hinh 12.6 cho thay
muc do phu hgp ctia mo6 hinh véi dir liéu.
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Hinh 12.5: Kiém tra mtc do tin tuéng ctia phan phoéi hé so
Nguon: ©2021 AISDL va SDAG
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Hinh 12.6: Kiém tra mitc do phit hdp clia mé hinh véi dir lieu
Nguon: ©2021 AISDL va SDAG

12.1.2 Két qua va thao luan

Sau khi chay mé hinh ta sé c6 bang két qua bao gom cac
thong sb6 ky thuat va két qua chinh. Phan két qua chinh
da dugc ban dén & trén. Phan Két qua nay ta sé di sau vao
trinh bay két qua chinh. Bang két qua moé hinh dugc tom
gon nhu sau:
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mean | sd | n_eff | Rhat
a_Readbook 0.12 | 1.78 | 4827 1
b_Reason_PR_Readbook 2.51 | 1.96 | 4720 1
b_HighAPS_Reason_PR_Readbook | 8.31 | 6.17 | 3632 1
b_LowAPS_Reason_PR_Readbook | 7.31 | 6.21 | 3619 1

Bang 12.2: Vi du trinh bay mot bang két qua

Tai bang 12.2, bén gia tri chinh dugdc trinh bay, trong
do 2 gia tri liéen quan téi viéc kiém tra ky thuat ctia mo

hinh:

o

phong.

@)

suat hau mo6 phong.

@)

n_eff: Effective sample size.

@)

Rhat: Cac gia tri cia Rhat.

Mean: Gia tri Mean ctia phan phéi xac suat hau mo

Standard Deviation: P9 léch chuan ctia phan phdi xac

D€ minh hoa cho bang két qua chinh, hinh Intervals

hoac Density dugc st dung. Vi du nhu hinh 12.7:
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b_HighAPS_Reason

b_LowAPS_Reason

PR_Readbook

_PR_Readbook

0.0

density

Params
b_HighAPS_Reason_PR_Readbook

|:] b_LowAPS_Reason_PR_Readbook

N\

~—

0
-1.0 -05 0.0 05
value

Hinh 12.7: Minh hoa két qua trong nghién ctu [2]
Nguon: ©2021 AISDL va SDAG

V6i cac gia tri két qua 6 bang 12.2 va do hoa héa cuia
cac két qua nay & hinh 12.7, vé co ban, ta da cé day du
vat liéu dé thdo luan két qua ctia mot moé hinh théng ke

Bayesian.

12.2 Ban thao truwdc va sau qua trinh
binh duyét

Hién nay, vGi su phat trién va tién dung ctia cac hé théng

preprints hién dai [89] thi cac ban thao khong chi con

danh riéng cho cac ban bién tap tap chi va cac nha binh
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duyét. Mot s6 y kién da chi ra cac ban thao & dang preprints
c6 nhung uu di€m sau (xem ky tai [89]):

o Cac hé théong luu trir hién tai déu cung cap ma sb
DOI cho cac ban preprints, vi vy cac ban nay déu co
thé dugc trich dan dé dang.

o Cac ban preprints goc nay giap luu trit y tudéng goc
cua tac gia.

o Cubi cung, 6 goc do ca nhan, thi cac ban thao la cach
thé hién tinh than tu do ctia mot ngudi nghién ctu.

V6i tinh than nhu trén, viéc trinh bay mot ban thao
hoan chinh véi phuong phap thong ké Bayesian nén tan
dung téi da stic manh vé ciu truc logic va biéu dién dé
hoa. Viéc trinh bay ddy @1 va tron ven qua trinh phat trién
logic, cac co s6 ly thuyét va toan hoc, kiém tra ky thuat,
va két qua ctia nghién ctru sé giup ngudi doc c¢6 thé nam
bat dudc tron ven y tudng clia tac gid. Viéc trién khai tot
vé mat ky thuat cang gép phan lam tang gia tri ctia nghién
cuu.

Mat khac, khi ban thao dugc trinh bay ky cang dugc
gt di tap chi, bién tap vién va nha binh duyét cang sé khoé
dé co thé tir chdi mot ban thdo dudgce trinh bay ky cang.
Dbéng thdi, cac nha binh duyét cing c6 thé dé dang dua ra
cac gop y khach quan, tap trung sau vao noi dung dé giup
tac gia khai thac dugc cai hay ctia noi dung nghién cuu.

12.3 Mot s6 nguyén tac dé c6 ban thao
hay nhat

Tong két lai, chung ta c6 mot sé nguyén tac sau can chu y
d€ c6 dugc ban thao hay nhat.
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o Dit lieu md, code mdy tinh mdé 1a yéu té6 dau tién dé
dam bao su minh bach ctia nghién cau.

o Co s6 toan hoc la yéu té quan trong trong viéc trién
khai mo6 hinh.

o Hinh anh la su vugt troi ctia Bayesian, vi thé can tan
dung t6i da.

o Ban thao dau tién phai la phién ban mau muc nhat,
khai thac tat cd stc manh, trinh bay day da, can keé
nhat.

12.4 Khep lai

bén day, cudc hanh trinh ctia chung ta véi thong ké Bayesian
va phan mém bayesvl cung xin dugc dung lai. Dua trén
cudc hanh trinh ctia chinh d6i nga bién soan trong viéc
ap dung thong ké Bayesian vao nghién citu KHXH&NV tai
Viét Nam, cudn sach khai thac sau cac bai toan thuc tién,
dua trén cac bo dit lieu thuc té va phan mém “cay nha la
vuon’”.

Nhom bién soan hy vong ngudi dung sé€ lam quen véi
mot cach tiép can mdéi, mot phuong phap méi, va mot triét
ly nghién ctu mdéi. Khi gidi thiéu thong ké Bayesian, diéu
trude tién ma chung toi hudng téi 1a mot cach suy nghi
vé dur lieu, va dat dé cac van dé logic khac so v6i cach
phuong phap théong ké truyén théong. Bén canh do, cac xu
thé mdi trong nghién ciru khoa hoc nhu da liéu mé (open
data) cung dugc giéi thiéu va khuyén khich trong cuon
sach nay.

Tong hoa lai, qua trinh nghién cttu khoa hoc khong
hé dé dang. Mot phuong phap méi nhu Bayesian cang cé
thé dé dang lam cac nha nghién cttu khoa hoc chuin budc.
Ban than nhém bién soan cung hiéu riang, noi dung cuén
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sach van con nhiéu diém chua hoan my [65]. Mac du vay,
khoa hoc la qua trinh tu hoan thién lién tuc, va moéi thanh
tuu khoa hoc 16n déu dudc dua trén nhing tién bo nhé
hon. Vi thé, véi su khéi dau 1a “Ban hoa tau dir lieu xa hoi”
nay, cong dong KHXH&NV Viét Nam sé€ tiép tuc hudng téi
kham pha cac hé gia tri van héa, my hoc va my cam noi
chung ctia con ngudi [90].
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