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1. 0000b00o0oDbon

bayesmh OO O0OO0O0O0O0OO0D0OOO0OOOOODOOODOOODOOODOOOOODOODOODOOOODOO
00000000 Oadaptive 0 MH (Metropolis-Hastings) MCMC (Markov chain Monte Carlo) O 0 0O O
000000000000000000000000000 1likelihood() OOOOOO prior() 0ODODO
goboboboboooooooboobgobobobooboooboooobobobobobobooooooDooon
000 evaluator() 0000000000 ODOOOOODOO [BAYES] bayesmh evaluators 00000
ggno

00000 MCMCOOOOOODOOOOODOOODOO bayesgraph 00O O0O0OOO0OOOOO
bayesstats ess 0000000000000 00DOO0O (effective sample sizes) 00000000000
0000000000000 00000000000O0ODbayesstats summary 000000000000
gbobooobooboboboobobuoboboobobobobobobOobUDbbayesstats icO OO
00000000000 O0000 (Bayesian information criteria) 00000 O (Bayes factors) 00000
gboboooobouobobobouobuoboubdubobdl bayestest model DUDOUOOOOOOOONO
0000000 bayestest interval 0000000000 O0O0O000O

godoooodooboooobdooboooboooooooob oo oooooooobo
[BAYES] bayesmh (mwp-240) 000000000

2. 000000

0000 Example 000000 oxygen.dtaOODODODODO0O0OOODO0O0OOOODOOOOODOOOOOODO
0000000000000 0000 2000000000 — step aerobics 12000000 00O outdoor
running 1200 — 0000000000000 O00O0OOO0O 12000000000000A0 “aerobic”
0“unning’00000000000000DOOOODOOOOl/ 00000000000 OO0OODOOOOD
oooooooooo

. use http://www.stata-press.com/data/r15/oxygen.dta *!
(Oxygen Uptake Data)

. list, separator(6)

change group age  agexgr

-.87 Runni ng 23
-10.74 Runni ng 22
-3.27 Runni ng 22
-1.97 Runni ng 25
7.5 Runni ng 27
-7.25 Runni ng 20

o0 h~wdPE
ocooooo

*1 00000 00File > Example Datasets [> Stata 15 manual datasets 0 O 0 OBayesian Analysis Reference Manual [BAYES)]
0 bayesian commands 0000000000000
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7. 17.05
8. 4. 96
9. 10. 4
10. 11.05
11. . 26
12. 2.51

Aer obi ¢
Aer obi ¢
Aer obi c
Aer obi ¢
Aer obi ¢
Aer obi ¢

31
23
27
28
22
24

31
23
27
28
22
24

O0000000D0 change 0000000000000 O0O0O0O0OCOO0O0O0DOOOCOOO0O0O0O groupUd
0 0: running, 1: aerobic)J 000000000 age0000000000400000 ageXgrOOOOO
age#tgroup 00O ODOODOO

Kuehl (2000) 0 ANCOVA (analysis of covariance) 000 0000000000000 0OOOOOOO

change = /80 + ﬁgroup group + ﬁage age + ¢

0000D000D0D0D0D00000 e0000 00000 ¢?20000000000000000000000
000000000000O00O0 Hoff (2009) 000D0DODOODO

> Example 1: OLS

000 OLS (ordinary least squares) 00000 regress 0000000000000 OODO

. regress change group age ™2

regress change group age
Sour ce SS df Ms Nurmber of obs = 12
F(2, 9) = 41. 42
Mbdel 647. 874893 2 323.937446 Prob > F = 0. 0000
Resi dual 70. 388768 9 7.82097423 R- squar ed = 0. 9020
Adj R-squared = 0. 8802
Tot al 718. 263661 11 65.2966964 Root MSE = 2. 7966
change Coef . Std. Err. t P>t [95% Conf. Interval]
group 5.442621 1. 796453 3.03 0.014 1.378763 9.506479
age 1. 885892 . 295335 6. 39 0. 000 1.217798 2.553986
_cons -46. 4565 6. 936531 -6.70 0. 000 -62. 14803 - 30. 76498

Ub0o0oo0dl group,ageU 000000 OOOO0OO0OOOOOOODOOOOOOO

*20000000 Statistics > Linear models and related > Linear regression



Stata15 whitepapers

000 group UOOO0O0O0ODODOp00 0.0140000000000 5% 000000 Ho: Peroup =000
gobooooobooobuooboobobuo pbobbooboobbbboobbooboobbobboob o
oooooooooooooooooOoooboO0OooooOoOooOoO0O0oOooOoooOOoo0oOoO0oon t=3.030
0000000000000 00000000OD0O0 14%00000000000000000000O0ODO
gdbpbbooboobooboobbobboboboobooboobboobbobbooboobooo
goobobobooooooooboobobobobobooooobobobobobobooooooo
gooooooboobooobobooboobooobooboobobooboobbooboobbooba
0000000000000 oodExample 800 M

0000 (CL confidence intervals) 0 p0 0000000000000 0D0O0O0OOOOOOOO groupO
0000000000000 0000 9%%CIo [(1.38,951]0000000000000D000OOO 0D
O000000000Ogroupd change 00 0000000000000 DOOOOO0OODOODOOOO 95% CI
O00o00o0ooooO0o00ooooO0o0ooooooOOooOoo Cloobo0o0D0obOoOOoOoooUboDOoOoOoO
09%000000000000000000000000O0growp000000DODODODO [1.38,9.51]00
ooogoYs00oooooooocooooooooo o0 100oo0ooooooooooooooo
0000 ClO00D000000000000000000 growp0000OO0OODOODOOO [1.38,9.51)
goboooooooooboobobobooooboobooboobobobobobooobooboDobobOoDbon
Oo0oOOoOO00O0O0O0O0O0O0O0O00O0000000o0o0oOgdExample 800 MM <

> Example 2. OO0O000O000OO (1)

Example 100 0000000000000 O0OO0O0OOOOCOO0ODOOOOO0ODOOOOOODOOOOO
gooooobooboooobobooboobboobdoobboobooboobDbbooboobboob o
goobobobobooooooobooobobobobobooboooobooboboboboboboooogoo
goboooooboobooobobooboobboobooboboobooboobboobboobboobog
gooboboboooooooboboboboooooobobobobooooog

goboooobooooooooobooOoooOoboOoOobOoOoOooOooOoOoooOoOoOoOoDOOoOobOobOboOoOoboOoOooon
gobooooooooooooboooobooboooboooooooooOoboOooDbDoOOooobboooboooo
gobodooooooooooobooooooooooooboooobooOooooboOooon

0000 oxygen.dtaUDOOODOOOOOOODOOOOOOOOOOCOOOODOOOOOOOOOODOOO
gl ooobobbbobobbobbobodddddooooooooo
0000000000000 D00000Example /000000000000 OCOO 40000000 —
JO00000000D0O000000 —00D00O00D0O0O0O000D0 changeOOODOOODODODODO
00000000000 noninformative O Jeffreys prior 000 00000000000 Jeffreys prior O O
00000000000000 (joint prior distribution) 0000000000000 OOOOOO
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ooboboooobooooooooobObcOoobooon

change ~ N (X8, 0?)
1
(/6702) ~ ?
000 XO0ODO00 (design matrix) 00B0000000 (o, Beroups fage) 0000000

oboooboooboocobDoOob0OOvvayesmhOOOOOOOO0OOOODOOOOO0OODOOODOOOOOOOOO
oobooooooooooDo

. bayesmh change group age, likelihood(normal({var})) ///
prior({change:}, flat) prior({var}, jeffreys)

gboobooboobobooboobooboobouobuobobboob0obod changeJ O OO group, age
OO0O0000D0DO vayesmhOOOOOOOODOOODODDOOODODOOOOOOOOOOOOO likelihood()
0000000000000 0000 prior() 000O0O0O0OO0ODOOOOO

0000000000000 {}0000000000000000D0O00000000D000 bayesmh O
goooobooboooboooobobooooboobooboobobooboboboobbooobooD
0000000000000 0O000DO0 {var}000000ODODOO0OO0DOOOOD3000O0O00O0DO
O {change:group}, {change:age}, {change: cons} 0000000000000 OOOOOOOOD

0000000000000 0000000000000 bpayesmhOOOOOOO buit-inOOO0O0OOOO
0000000000000 0000000000000 (evaluators) 000000000000 OOOO
[BAYES] bayesmh evaluators 00 000000000000 O00O0O 1likelihood) OO OO OODODO
normal({var})DDDDDDDDDDDDDDDDDDDDDDDDDDDD {Var}DDDDDDD[ID[I
0000000000000 00000000000000000000000000000 change OO
0000000000000 00300000000000 prior({change:}, flat) DO0DO0ODODOOO
ooogi10o fla‘tpriorDDDDDDDDDDDDDD{change:}DDDDDDDDDDDDDDDDDD
goo0o0oO0oO0oO0oO0oOoO0oOOOOOOOOOOOOO0OO0OO0OO0OO0OO0OO0OO0OO0OOO0OOOOOOOOOOOOOOn
gooooooon {var}l]l:l[ll]l] prior jeffreys 00 0000000000000 O0OOODOOOO
1/0200000000000000

OO0D0OO00O0O0vayesmhOOOOOOOODOOOOOODOOODOOOOOOOCOOOCOOOOOOOOOO
000000000000 0000000O0O0bayesth D0 OO0 MCMCOOOOOOOOOOOOOO
O00000000000000seedJ000000000000O00000O0000O0O0O seed0O0O00
ooooooooo
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. set seed 14

e Statistics > Bayesian analysis > General estimation and regression O O O
e bayesmh 00 00O 0O: Model O O: Syntax: Univariate linear models
Model: Dependent variable: change
Independent variables: group age
Likelihood model: Continuous —> Normal regression
Variance: {var}

Priors of model parameters: = Create. ..

B bayesmh - Bayesian models using Metropalis-Hastings algorithm

Model  Meodel 2 iffin @ Weights Simulation Blocking  Initialization  Adaptation Reporting  Advanced

Syritax:
| Univariate linear models

Model
Dependent variable: Independent variables:
change “"l | group age oo
[[] Suppress constant terms

Likelihood model

Continuous

--» Mormal regression

--» Lognomal regression

-=» Exponential regression
Discrete

--> Probit regression

--> Logistic regression

== Binomial regression with logrt link

=== Ordered probit regressicn

--= Ordered logistic regression

--> Poisson regression
Generic

Variance:
{var} | Create..

Prioss of model paraimeters

Edit
Disable
Enable

Press "Create” to define a prior distribution

[ show model summary without estimaticn

e e [0k || Cancel || Submit

01 bayesmh OO OO0 - Model OO
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e Prior 100000 : Parameters specification: {change: }

Choose a prior distribution: Generic —> Flat prior

Parameters specification:

| {change:}

- |

Cheose a prior distribution:

--* Gamma distribution I

--= Inverse gamma distribution

-=» Exponential distibution

-=> Laplace distrbution

--» Cauchy distribution

--= Beta distribution

-- = Chi-squared distribution

-« Jeffreys prior for variance of nomal distribution
Multivariate continuous

--> Multivariate normal distribution

--=> Multrvariate normal distnbution with zerc mean

--» Zellner's g-prior

--» Zellner's g-prior with zero mean

-- = Wishart distribution

--= Inverse Wishart distribution

--» Jeffreys prior for covaniance of mulivanate normal
Discrete

--» Bernoulli distribution

--= Discrete index distribution

--» Poisson distnbution
Generic

riar (with a density of 1)
--» Qeneric density
--= Generic log density W

0 0

Cancel

02 Priorl00000O

e bayesmh JO0000: Model OO
Prior 2: Parameters specification: {var}

Choose a prior distribution:

Univariate continuous —> Jefreys prior for variance of normal distribution



Stata15 whitepapers

bayesmh change group age, |ikelihood(normal ({var})) prior({change:}, flat) pr
> jor({var}, jeffreys)

Burn-in ...
Sinmulation ...

Model summary

Li kel i hood:
change ~ nornmal (xb_change, {var})

Priors:
{change: group age _cons} ~ 1 (flat) (1D
{var} ~ jeffreys

(1) Paraneters are elenments of the linear form xb_change

Bayesi an nornmal regression MCMC iterations = 12, 500
Random wal k Metropolis-Hastings sanpling Burn-in = 2,500
MCMC sanpl e size = 10, 000

Nurmber of obs = 12

Acceptance rate = . 1371

Efficiency: mn = . 02687

avg = . 03765

Log marginal likelihood = -24.703776 max = . 05724

Equal -tail ed
Mean Std. Dev. MCSE Median [95% Cred. Interval]

change
group 5. 429677 2.007889 . 083928 5.533821 1.157584 9. 249262

age 1.8873 . 3514983 . 019534 1.887856 1.184714 2.567883

_cons -46. 49866 8. 32077 . 450432 -46.8483 -62.48236 -30.22105

var 10. 27946 5. 541467 . 338079 9. 023905 3. 980325 25.43771

bayesmh U0 00000000000 O0O0OCOOCOOCOOO0OOOO0OO0OOO0OO0DOOOCOOCOOOOO
oOoobOoobOobobOoobOoobOoobOb0oOoOobOOoob0OO0O0bOdaryrun 0000000 O0OOCOOCODOO
oooooooobooobobobooooooobooooobOoboooooooDoobooooooooooDOg
nomodelsummary OO0 000000000000 COO0O0OOOCOO0OCOOO0ODOCOCOO0OOCOOOOOO0
ooooon

0000000000000 00000000O0O0000D0ooooOoOOoOooMCMCOOOO 12,50000
0000000000000 2,500000000 (burn-in iterations)d 00O 10,000 00 MCMCOODO
gogbooooogoobooboobooboobooobbooboobbooboobboboboobbooboba
ooooMCMCOOOOOOOODOOOOOODOO0OOODOOOO0O0DO0O0O00DOO0O000OOOOExample
o0 0O
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000000000 (acceptance rate) 00O (efficiency) 0000000000000 DOOODOODOODO
g ooobobbbobbobbobobbobdddddoooooooo o
000 0.1400000000000000 10,000000000000 14% 00000000000000
000000000000 0OMHOOOOOOOOOOOOO0O050% 000000000000 30% 00
0000000000000 0000o0ooo 10% 000000000000000000000000
000000000000000000 14% 0000000000000000000000000000
ooooooooooo®¥ooooo0o0D0OMHOODOODOODODOODOO MCMCOOOODOOODO
000000000000000000 10%000000000000001% 000000000000
JooDo00ooooooooooooooooooooMCMC sampler 0000000000 OOOOOO
000000000000 [BAYES] bayesmh (mwp-240) 000000 “Improving efficiency of the MH
algorithm—>blocking of parameters’0 0000000

0000000000000000000000000000000Mean 000000000 (posterior
means) 000 —O000000000000O00O000O (marginal posterior distributions) 0000 —
000000000000 00 Example /0000 OLSOO0O0OOO0OO0OOOOOOOOOOOOOO
noninformative 0 — 0 0000000000000 00O0O0O0O0O0O0O0O0OOOOOOOOOOO — prior
0oooo00ooooooooooooooooooooo MCMCOOOoooo ™

0000000000000 0000DDOO (posterior standard deviations) 0000 —O0000O000ODO
000 —O000000000000000000000000000000O00000000O00O0LSOO
000o0o0o0o0ooo0ooooooooo

00000000000 MCOOOO (MCSE: Monte Carlo standard errors) 0000000000000
000000000000 0000000000000000O0000DO0ooMCMCOOOOOOOO0O0
gbobobooooboobooboboobaoao

Median 00O OO0 O0O0OO0OOOO0ODOOOODODOOOODDOO0ODDODOODDODOOODDOOODDO
gobobobobooooooobooboboboboobobooooooboboboboboboooooogoo
gogboobbooboobobobobooboobbooboo

000 200000000000 (credible intervals) 000000000000 0OExample 100000
00000000000 DO (confidence intervals) 000000000 D0ODOODOODOODOODOODOOD
00000 growp00ODOOOOOD [1.16,925|0000000000 9%% 0000000000000OD0O
00oo000o0o0oo0ooooboO0o0o0oO0o0o0oooO0ooo0o0oo0ooo0oooooooooooon
gobobobobooooooooobgoboboboboooobooboooboboboboboboboooobooon
Obkxample §00M 000000000000 MCMCOOOOOOOO0OOOO0OOOOOOOOOOO
00000 Example 500000000

bayes prefix 0000000000000 DO0OO0OD0O0O0O0O0DO0OOODO0O0OO0OOOOOO Example
loooooocooon <

*3 0000 (mixing quality) 0000000000
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> Example 3: OO0 O0O0O00OO (2)

oobooooooooooo

> Example 4 DOOOOOOOO (3)

oobooooooooon

> Example 5: 00000

goboooobooboon

> Example 6: bayesstats summary 00 0O 00 O

oobooooooooooon

> Example 8: 0000

ooboooooooooo

> Example 9: 000000000000 DOOODOO

oobooooooooooo

10
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> Example 10: Bayes prefix 0 0O O

0000000 payesmhODOOOOOOOOO0D0OOO0O0O0DOCOCOO0O0O0O00O0O0O0O00O00O regress [ bayes
prefix 100000000000 000000000000000000000000000000000
000000o00o00o00o0oo0o0o0o00o0o

. bayes: regress change group age

gobbooobooooboooooooooooooboooooOooooooon

. set seed 14

e Statistics > Bayesian analysis > Regression models > Continuous outcomes
> Linear regression > Launch 0 0O 0O
e bayes: regress D00 O0: Model OO: Dependent variable: change

Independent variables: group age

B bayes regress - Bayesian linear regression

Model iffin  Weights Priors  Simulation Blocking  Initialization Adaptation Reporting Advanced

Dependent variable: Independent variables:
change | group age ||
] Suppress constant tem

0 11 bayes: regress JOJ OO0 - Model OO

bayes : regress change group age

Burn-in ...
Sinmulation ...

Model sunmmary

Li kel i hood:
change ~ regress(xb_change, {sigm2})

Priors:
{change: group age _cons} ~ normal (0, 10000) (1)
{sigma2} ~ igamm(.O01,.01)

(1) Paraneters are elements of the linear form xb_change.

*4 bayes prefix 0000000000000 O000DOO [BAYES] bayesian estimation 000 O

11



Stata15 whitepapers

Bayesi an |inear regression MCMC iterations = 12, 500
Random wal k Metropolis-Hastings sanpling Burn-in = 2,500
MCMC sanpl e size = 10, 000

Number of obs = 12

Acceptance rate = . 283

Efficiency: mn = . 02715

avg = . 05779

Log marginal likelihood = -45.562124 max = . 0692

Equal -tail ed
Mean Std. Dev. MCSE Medi an [95% Cred. Interval]

change
gr oup 5.425311 2.111038 . 080252 5.368975 1.104434 9. 425197

age 1.885651 . 3255098 . 012472 1.887263 1. 244666 2.517292

_cons -46. 47537 7.632058 . 295505 -46.73244 -60.39245 -30.5054

si gma2 10. 28431 7.614468 . 462105 8.412747 3.595971 31.47161

Note: Default priors are used for nodel paraneters.

bayes prefix 00 0 0000000000000 000000 —OO00O00O regress0000 —0OO00OO
000000000 OObayes prefix 000000000000 O0DODOO0OODO priors000000OOOO
ooooooooooooOoooOoOooOOOoOOO priorsODOOOOOOOOOODOOODOODOOOOOO
0o00o00o0ooooooooooooboodOono ,00000C000 priorssO000C0CCO0O0OO0O0O0O0OOO
oobooooooboooo0olobDOoOoOoboO prior0000OO00OO0ODOOO0ODOOODOOODODOOO

000000000 priors 0000 uninformative 000 0000000000000 O0OOOOOOOO
0000000000000 00D0O00000OO00DDO [BAYES] bayes IOOOOOOOOOODOOO
00000000 priors000000D0ODOODOODOODODODOOODOO

oobooooooooooon

12



