Wng dung Bayes trong
nghien ctru KHXH

o Budi 1 =

Pon vi té chirc: Trwdng Pai hoc Ha Noi (HANU)
Vién Nghién ctru Cao cap vé Toan (VIASM)

Giang Vién: TS Nguyén Minh Hoang (ISR, PH Phenikaa)
Dia Diém: Trwong Pai hoc Ha Noi (HANU)
Theéi Gian: 13:30-17:00, ngay 3 thang 11 nam 2023
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— Was Kingfisher eating Fish, or... when Fish entered Kingfisher’s
sftomach, would it also mean that Fish was eating Kingfishere

[...]
And if there is no answer, perhaps he has to rely on empirical data:
swallowing the talking partner!

In “Philosophical Chat”; The Kingfisher Story Collection [1]
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Nguyén Minh Hoang (Minh-Hoang Nguyen)

« So lwoe ban than: https://sites.google.com/view/nguyen-minh-hoang/home

 ORCID: https://orcid.org/my-orcid?orcid=0000-0002-7520-3844

» Google Scholar: https://scholar.google.com/citations?user=9VbhoGYAAAAJ&hI=vi

 Web of Science: https://www.webofscience.com/wos/author/record/GO0-9183-2022

» Scopus: https://www.scopus.com/authid/detail.uri?authorld=57205713877

» PhilPapers: https://philpeople.org/profiles/minh-hoang-nguyen

» ResearchGate: https://www.researchgate.net/profile/Minh-Hoang-Nguyen-4



https://sites.google.com/view/nguyen-minh-hoang/home
https://orcid.org/my-orcid?orcid=0000-0002-7520-3844
https://scholar.google.com/citations?user=9VbhoGYAAAAJ&hl=vi
https://www.webofscience.com/wos/author/record/GQO-9183-2022
https://www.scopus.com/authid/detail.uri?authorId=57205713877
https://philpeople.org/profiles/minh-hoang-nguyen
https://www.researchgate.net/profile/Minh-Hoang-Nguyen-4
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Né6i dung khdéa hoc
- Budil
Muc tiéu: Ngwdi tham gia s& dung dwoc phan mém
1. So lwgc vé phwong phap phan tich Bayesian Mindsponge Framework (BMF)
Théng ké Bayes
Phan mém phan tich bayesvl
Vi du va thwc hanh

Hoéi va dap

SIS

- Budi2va3
Muc tiéu: Tap thé hoan hanh bai nghién ctru sir dung BMF
1. Phwong phap phan tich Bayesian Mindsponge Framework (BMF)
2. Ly thuyét Mindsponge va cac |ap luan logic co ban

3. Tap thé trién khai bai nghién ctru
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Budi 1: Cac néi dung chinh
Phan 1
- So lwgc vé phwong phap phan tich BMF
M6 hinh théng ké la gi?
Théng ké Bayes la gi?

Vi sao Théng ké Bayes lai quan trong?

Hoéi va dap

Giai lao

Phan 2
 Ngdn ngi¥ R va phan mém bayesvl
« Cac budc phan tich Bayes
* Vi du va thwc hanh



INNNInnninnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnmannan

Phwong phap phan tich Bayesian
Mindsponge Framework



- BMF |a khung phan tich két hop strc manh cla Ly thuyét Mindsponge va
phan tich Bayes dé tao diéu kién thuan lgi cho viéc diéu tra cac van dé xa
hoi, tdm ly va hanh vi ciia con ngwdi - cot 18i ctia khoa hoc xa hdi va nhan
van

- Sw twong thich cao gitra Ly thuyét Mindsponge va phan tich Bayes
- Xwong sdng clia BMF
o Hé Ly thuyét quan tri tri thivec SM3D (Serendipity-Mindsponge-3D)
o B ba triét Iy khoa hoc vé minh bach, chi phi, va sw chi dong
o Khoa hoc mdé 30 (open data, open review, open dialogue)
o Phan mém bayesvl

o Van hbéa Mindsponge

« CONng cu dao tao trén SM3D Portal
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Hé ly thuyét quan trij tri thirc va khung
khai niéem SM3D



2013 Khai niém “Serendipity nhw lgi thé chién lwgc”

2014 Khai niém Mindsponge, 1/10 thwéc do cla khdo séat i2Metrix vé nang lwc dbi
m¢&i cta doanh nghiép

Qua trinh sang tao 3D/Hé thong loc théng tin 3D

2015

Co ché Mindsponge

Bayesian Mindsponge Framework dwoc ap dung lan dau

2021

Dé xuét co ché khai sinh cia suy nghi tw sat dwa trén Co’ ché Mindsponge

Heé |y thuyét SM3D dwoc dung dé ly gidi qué trinh sach tao vaccine COVID
2022 Hoan thiffen phu’o’n’g phap pr]an tich BMF

Ly thuyét ban chat, co’ che, va sw khéi sinh cua Serendipity ra doi

Ly thuyét Mindsponge ra doi
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Céac (rng dung va sw phat trién cua phan tich
BMF/MT (tinh den thang 7/2023)

- Duwoc ng dung cho 128 sadn pham khoa hoc da xuat ban

- Dwoc sir dung b&i hon 243 nha nghién ctru tir 150 td chirc
cla 30 quoc gia

» Trong do, 65.4% t&i tir cAc nwdc dang phat trién

» 30 nha nghién ctru dwoc dao tao thong qua chwong trinh
SM3D Portal
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Cac trng dung tiéu biéu

Hién twong cong
tinh van hoa

Ly thuyét ve kha
nang dan hoi cla
td chirc

M6 hinh Chéap
nhan cong nghé
Mindsponge
(MTAM)

Khung phan tich
Ecomindsponge

M6 hinh phan tw
trong hop tac
chira bénh

Hién twong can

Van hoa thang dw

Nguyén ly ban
dan gia tri moi

MO hinh vé sy
chap nhan tri tué

Co ché tam ly-ton
glao dang sau

tw tor sinh thai \ o nhan tao c6 cam cac vu tan cong
treong-tien té i t sat
Il:’nthu’g’%ggpw&’a;r\llge Cgﬁl?w tgrltrrllhsfg Lnrgl AT LY thuyet Ve su Mc;l]r}lpoh é]éie\r/r]c')ftiln_
T4 = trong tiép bién bén virng cua A PO
ay trong nghién va trao quyen cho van hoa doanh nghiép thong dlep Vé surc
ctru khoa hoc nha déc tai ; khoe
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MO hinh théng ké la gi?



- M6 hinh thong ké (statistical model hay goi tat 1a model) & md hinh
toan hoc thé hién cac gia dinh cia nha nghién ctru dé phan tich div
lieu.

- ng dung mé hinh thdng ké (statistical modeling) 1a qué trinh th
nghiém va ap dung mé hinh thdng ké [én di liéu thd dé tim ra moi
quan hé phu hop nhat gitka cac bién, tr d6 dwa ra dw doan thuc té.

Vi du nhw md hinh tuyén tinh don gian:

y=a+ px+e¢

y 1a bién phu thudc (bién két qud), x |a bién doc 1ap (bién duw béo), a va
B 1a tham s0, ¢ la phan sai s (phan dw)
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Thong ké Bayes la gi?



- Puoc dat theo tén cla nha toan hoc ngwdi anh Thomas Bayes vao thé ky 18

- Suy luan Bayes dwa ra xac suat hau nghiém (Posterior Probability) 14 hé qua cda hai tién dé: xac
suat tién nghiém (Prior Probability) va ham kha nang (Likelihood Function).
P(D|6)P(0)
P(D)
o 6 1a tham sbé thé hién gia thuyét can danh gia, hay hé sé can xac dinh ma xac suét cia né chju
anh hwéng cua dir liéu quan sat.

P(O0|D) =

o D la di¥ liéu quan sat dwoc, sb liéu thu dwoc tr thuc té

o P(0) la xac suat tién nghiém, niém tin hay cac bang ching trudc day lién quan téi gia thuyét
(prior probability)

o P(D|0) la xac suat quan sat dwoe div liéu D véi diéu kién 6 (likelihood)

o P(D) thwérng goi 1a kha nang bién (Marginal Likelihood), mét hang sé khdng phu thudc vao
tham s6 6

o P(8|D) la xac suat hau nghiém, luén ty & v&i xac suat tién nghiém va xac suat quan séat duwoc
(posterior probability)




M6 hinh day du:
P(D|8)P(0)
P(D)

P(0|D) =

M6 hinh gian héa sau khi bé kha nang bién P(D):
P(6|D) < P(D|6)P(0)
Quy tac co ban nhat cda suy luan Bayes:
Posterior Probability « Prior Probability X Likelihood Function

=> Trong tat ca cac md hinh Bayes, phan phdi xac suat hau nghiém ludn ty 1&
thuan véi phan phoi xac suat tién nghiém va ham kha nang



Prediction error .

Posterior Likelihood

Prior

Uncertainty Noise

e
v

Expectation Estimate Reality

Figure 10.1: Example of Bayesian inference with a posterior
distribution, prior distribution, and likelihood function. The
visualization is retrieved from Yanagisawa, Kawamata and Ueda
(11) under the Creative Commons Attribution license (CC-BY).
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Tai sao thong ké Bayes lai quan
trong?



- Tich hop xac suat tién nghiém (prior probability) vao wéc lwong xac
suat hau nghiém bén canh xac suat quan sat dwoc tor div liéu

o Gilp tich hop cac bang chirng trwdc day, danh gia chuyén mon, Iy thuyét,

hodc niém tin cla nha nghién ctru vao wéc lwong
<Can lwu y van dé thién kién chi quan (subjective biases)

oPanh gia dd chac chan cta két qua wéc lwong thong qua phwong phap
hiéu chinh xac suat tién nghiém (prior-tweaking)

o Giap lam gidm van dé da cdng tuyén gitra cac bién phu thudc
(multicollinearity)

o Tang do chinh xac cua woc lwong doi véi cac bo div liéu bé

<Lwu y: xac dinh tot prior co thé 1am tdng dd chinh xac, nhwng xac dinh sai sé
lam giam dé chinh xac




- Suy luan Bayes xem tat ca cac dinh lwong déu la xac suat, ké ca di liéu
khdng quan sat dwoc (unobserved data) va tham s6 chwa biét (unknown
parameters).

* Hay noi nhw Jeff Gill:
V&i nhirng ngudi theo triét Iy Bayes, “thé gi¢i dwoc chia thanh: so lwgng cé
san ngay lap tirc va sé lwong can dwoc mé ta theo xac suat”
o Cho phép nha nghién ctru xay dwng cac mé hinh linh hoat theo nhu cau
nhwng khdng can phai thay ddi phwong phap phan tich

“*MO hinh parsimony

“*MO hinh phtre tap, nhwy moé hinh da I&p (hierarchical model), mo hinh phi
tuyén tinh (non-linear model)




» C6 loi thé hon suy luan truyén thong frequentist vé mat ly thuyét:

o Két hop strc manh gitra todn hoc va common sense, gilp gidi quyét cac
van dé trong nghién ciru KHXH, nganh co rat nhiéu dieéu khong chac
chan.

o Cap nhat cac két qua khoa hoc dwa trén céac thay déi trong thuc té.

o Khdng danh gia két qua theo kiéu tat dinh (deterministic) cta p-value ma
s dung hinh vé trwc quan vé phan phdi xac suat dé danh gia két qua.
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Cdc khoé khan khi #ng dung théng ké Bayes

« Tr& ngai vat ly: S e e
T } , ] . béu da gial
o Yéu cau nang lyc tinh toadn manh caa may finh — quyét duoc

o Thiéu cac phan mém va chuong frinh

« Tré ngai tGm ly:

o Ngai Todn hoc Van dé nan
giai hien nay

o Ngai lap trinh

o Ngai thodt khéi vung an todan
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Ngon ngi¥ R va phan mém bayesvl
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R

+ R & RStudio: R 1a nén tdng ngdn ngi lap trinh phuc vu tinh toan thong ké. Ngén
ng® R dwoc st dung rdng rai b&i cac nha thong ké hoc, cac nha khai thac dir liéu
nham phat trién cac phan mém (goi la cac package) thong ké va xt ly di liéu.
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bayesv|
- Phan mém phat trién boi k§ sw L& Viét Phwong va TS Vwong Quan
Hoang

- Chinh thtrc xuat ban trén Comprehensive R Archive Network
(CRAN) ngay 24-5-2019 (v0.8.3)

— https://cran.r-project.org/web/packages/bayesvl/index.html

- Hién tai chwong trinh dang dwoc danh so phién ban v.1.0 (github)
— https://github.com/sshpa/bayesvi



https://cran.r-project.org/web/packages/bayesvl/index.html
https://github.com/sshpa/bayesvl

L L T L T L T T L T T T LT T T LTI T I LT
Loi thé clia bayesvi
- Chtrc ndng xay dwng cay quan hé (“relationship tree”) hay so do logic
o HoO tror tw duy xay dwng mo hinh nghién ctu
o Dé str dung va tai lap mo hinh phén tich
- Két qua dworc trwec quan hoa co dd tham my cao
o Hb tro doc hiéu két qua théng qua hinh vé
« Hb tro nhiéu chre ndng phan tich
o Twong thich cao v&i cac phan mém lién quan khac, nhw ggplot2, Loo, etc.

o Cho phép thwc hién cac nghién ctu cé dd phirc tap cao, nhw mod hinh da tang,
mo hinh phi tuyén tinh, v.v.



(10}>071:0)
Test=¢(0. 1)

=qormal(0,5)

Lie

. Observations VC

. Transformed data

. Outcome

—= —» Transform

— Regression

https://www.nature.com/articles/s41599-020-0442-3



https://www.nature.com/articles/s41599-020-0442-3
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% Hoi va Dap ***
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Cac buwéc phan tich Bayes



IHINNNNNIHNNNNNNNNNNnnnnnniininnniniinananaonnananannan
Cac bai toan
» Ganh nang tai chinh trong cham soéc strc khoe
ohttps://www.mdpi.com/2306-5729/4/2/57
ohttps://github.com/sshpa/bayesvl

- Nhan thirc vé bién dbi khi hau va sw ting hd chinh sach
bao vé bién
ohttps://www.mdpi.com/1660-4601/18/7/3681/htm



https://www.mdpi.com/1660-4601/18/7/3681/htm
https://www.mdpi.com/1660-4601/18/7/3681/htm
https://www.mdpi.com/1660-4601/18/7/3681/htm

Cac bworc
thwc hién
phan tich
Bayes

Buac 1: XAy dweng mo hinh J

\

Budc 2: Xac dinh xdc suat tien nghiém \

/

Budc 3: Thir nghiém md hinh

J

Buéc 4: BDanh gid két qua

/

Buwdc 5: So sdnh J
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Thwe hanh phan mém bayesv
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Budc 1. Xay dwng mo hinh/cay quan hé

Tao dwng cac bién
Tao dwng mai lién hé gitra cac bién

Tao ngon nglr Stan

= Lo

Thuwe hién moé phong/phan tich
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Buwoc 2: Banh gia mo hinh

Budéc mo phong Markov
(Traceplof)
b6 thi Gelman
(Gelman plot)
Do thi ty twvong quan
(Autocorrelation plot)

bvl_plotTrace()
bvl_plotGelmans()

ovl_plotActs()

Ngoai ra, ham bvl_stanLoo() cling c6 thé ding dé danh gia doé phu hop cda
mé hinh thong ké.



BUOC 3: DPOC KET QUA
- Khi doc két qua can chu y t&i 3 yéu to:
- n_eff: mau doc lap (effective sample size)
- Rhat: chi s6 Gelman
- Mean va standard deviation: phan phdi cia mé phong hau nghiém

Phan phai mat dé bvI_plotDensity()

(Density plof)
Phdn phéi mat doé theo khoang
(Interval plot) bvI_plotintervals()
Phan phai tan suat
(Param plot) bvl_plotParams()

Phdan phai mat dé tfrén mat phang 2D
(2D Density plot)

bvl_plotDensity2d()
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Budc 4: So sanh mod hinh

» D& so sdnh md hinh ham bvl_stanWAIC() va bvl_compareWAIC() c6
thé dé so sanh mirc dd phl hop gitra 2 md hinh.

- Ngoai ra, bayesvl da dwoc diéu chinh dé twong thich véi cac mau
code so sanh mirc dd phu hop gitka cac md hinh ctia phan mém Loo



INNNInnninnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnmannan

Céac bo div liéu co thé sir dung

Kinh té y té va hé théng y té: https://www.mdpi.com/2306-5729/4/2/57 / https://github.com/sshpa/bayesvl

Méi lién két gitra ngwei thanh thj va da dang sinh hoc: https://direct.mit.edu/dint/article/3/4/578/107428/Multifaceted-Interactions-between-Urban-
Humans-and

Hanh vi cla nguoi choi trong thé gidi 4o va nhan thire vé mai trudng: hitps://direct. mit.edu/dint/article/3/4/606/107672/A-Muliinational-Data-Set-of-
Game-Players-Behaviors?searchresult=1

Hanh vi st dung théng tin va lwa chon nha cung cap dich vu ciia bénh nhan:
https://www.sciencedirect.com/science/article/pii/S2352340916302803?via%3Dihub

Ké hoach chd quan va nhan thirc vé kha nang thanh cdng ctia nha khéi nghiép:
https://www.sciencedirect.com/science/article/pii/S2352340916000408

Nang Iwc ky thuat s6 cla thanh nién: https://www.mdpi.com/2306-5729/4/2/69

Nhan thire, thai dd va ky ndng ciia hoc sinh vé céng dan toan cau: https://www.sciencedirect.com/science/article/pii/S2352340921004467#bib0002

Trai nghiém hoc online ctia hoc sinh: https://www.sciencedirect.com/science/article/pii/S2352340922008678

Nhan thirc cia cong ching vé bién déi khi hau va gia tri ctia hé sinh thai bién va ven bién:
https://www.sciencedirect.com/science/article/pii/S2352340923000422



https://www.mdpi.com/2306-5729/4/2/57
https://github.com/sshpa/bayesvl
https://direct.mit.edu/dint/article/3/4/578/107428/Multifaceted-Interactions-between-Urban-Humans-and
https://direct.mit.edu/dint/article/3/4/578/107428/Multifaceted-Interactions-between-Urban-Humans-and
https://direct.mit.edu/dint/article/3/4/606/107672/A-Multinational-Data-Set-of-Game-Players-Behaviors?searchresult=1
https://direct.mit.edu/dint/article/3/4/606/107672/A-Multinational-Data-Set-of-Game-Players-Behaviors?searchresult=1
https://www.sciencedirect.com/science/article/pii/S2352340916302803?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352340916000408
https://www.mdpi.com/2306-5729/4/2/69
https://www.sciencedirect.com/science/article/pii/S2352340921004467#bib0002
https://www.sciencedirect.com/science/article/pii/S2352340922008678
https://www.sciencedirect.com/science/article/pii/S2352340923000422
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« Tam ly so hai cla nha dau tw chirng khoan cé nhan trong khing hoang: hitps://osf.io/5429v/

 Hanh vi lai xe an toan: https://www.sciencedirect.com/science/article/pii/S2352340923004559

« Y dinh va hanh vi s& dung céng nghé cda sinh vién diéu dwdng: https://www.sciencedirect.com/science/article/pii/S235234092100514X

 Nhan thirc vé sy khan hiém nuéc va tai st dung nwée udng: https://www.sciencedirect.com/science/article/pii/S2352340920301839



https://osf.io/54z9y/
https://www.sciencedirect.com/science/article/pii/S2352340923004559
https://www.sciencedirect.com/science/article/pii/S235234092100514X
https://www.sciencedirect.com/science/article/pii/S2352340920301839
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