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Background Software for BNP IRT

MCMC study for the 2PL model

Iltem Response Theory models NIMBLE

R-based software for hierarchical models

Sampling strategy — model parametrization +

identifiability constraints +
- builds on and extends the BUGS language sampling algorithm

m data is typically individual answers to a set of questions/items

my,; €40,1},itemi=1,...,] fromindividual j =1,... N
- provide functionalities for DP models (CRP, SB)

= model the conditional probability m;; = Pr(y;; = 1|\, Bi, 1)) Identifiability
2 parameters logistic model (2PL) > highly customizable (e.g. distributions, algorithms) o o .
. . |dentifiability can be addressed with different sets of constraints:
logit(m;;) = N(nj—8i) = Ainj + v - compile in C++ for fast execution

= on the abilities distribution G ~ N (0, 1) - more complicated with DP

N—— N—— "
IRT parameterization slope-intercept Easy model definition . I I
= on the item parameters,e.g. > ., 5, =0,> . ;log(\;) =0

parameterization

code2PL <- nimbleCode({ @

= f; difficulty parameter fori in 1:1) { 2PL parametric model 1.embedded in the model & and in the MCMC sampling
m )\, discrimination parameter - 1PL model if \;, = 1.Vi=1,... 1 rorey n 11 Yij ~ Bin(mi;) 2. post-processing MCMC samples, parameter-expanded algorithms

y[j, i1 ~ dbern(pilj, il)
=7 individual latent trait (abl|lty, physical status) ) log(A) ~ N(0.5,0.5), Sampling strategies

logit(pilj, i1) <- lambda[il*(eta[j] - beta[i]) loglt(ﬂ-@j) — >‘Z<77] — ﬁ’&)v
}

Traditional IRT models assume 7, ~ N'(0,1)forj =1,..., N for(i in 1:1) ¢ b T;N(Ov 3), i=1....1, Parametric Semi-parametric
log(lambda[i]) ~ dnorm(0.5, var = 0.5) i o o . .
: : | : n ~N(@O,1), j=1,...,N. Model constraints slope-intercept IRT slope-intercept IRT
Is normality good for latent traits? betali] ~ dnorm(@, var = 3) R P P P P
} T W S Ul Gl s 1. Constrained MH/conjugate MH/conjugate* MH/conjugate MH/conjugate*
. . ore for(j in 1:N) { I @ :zi[1:N]1 ~ dCRP(alpha, size = N) )
1996 England Health survey, N = 14,525, measuring physical ability L e 555 o i aene 0, B item parameters
Q. Does your health now limit you in these activities? (yes, no) . it comenent S From the bee memeure 2. Unconstrained | MH/conjugate  MH/conjugate | MH/conjugate | MH/conjugate
. e Distribution of raw scores for(j in 1:N) {
1. Vigorous activities (e.g. sports) . . L - oL ver = 0 Centered Centered
o I 2P semiparametric model ks - et
2. Moderate activities (e.g. houseworks ' : - Sl :
3. Lift/Carry (e.g. groceries) s [ o with few lines of code _ unimodal simulaton
: Parametric Estimate of the distribution of ability
. 71 7.2 for(m in 1:N) { : : :
4. Several stairs i AT (O T Jnimodal simulation 03]
. . g 61 - 5.1 s2Tilde[m] ~ dinvgamma(nul, nu2) IRT constrained item - .
5. One ﬂ|ght stairs § . . - } IRT unconstrained - _ > 0.2
6 B d/K I/St (% | S| constrained item o . §
. DEN nee oop T 4 . 3.2 Workflow summary Sl unconstrained{ [ 0.1-
7. Wa ( more mile 3- . 29 Sl unconstrained centered - _
. . 0.0-
. imbleCode NIMBLE lan - ! : '
8. Walk several blocks 21 . &9 "1 Writemodel code :eadBUGSmoéél() ead BUGS @ N | M B L E BimoP:;T:r(:[LrJI;tion 5 Ab?my 5
1 - 35 § . Birr]odal simulatic_)n o N
9. Wa < one bIOCk . Create model object nimbleModel() IRT constrained item - o_2o-EStlmate of the distribution of ability
o [ from ninblecode() @ | ™"ocel < nimblenodel https:/r-nimble.org/ AT unconstrained - -
10. Bathing/Dressing 6 10 20 30 40 comstante of the model @ Cone) modelCode, S1 constrained itom 015 .
percentage - ) —constants = list(N = 8, .
| Keown indenveciors | “meraups - 4 -, # Create model Sl unconstrained % 0.0
Adding ﬂeXibiIity - BNP priOrS | values @— — —| _X;j_myCovs))/,_ e model <- nimbleModel(code2PL) S| unconstrained centered A
, ::;?:fi;aisz n(:jf r — “inits|= list(betao = o, # Create and configure MCMC Semiparametric 0.051
. . o . . . . ingv — betal = 9, ...)) .
We propose using a Dirichlet Process mixture model as a distribution | forthe parameters JEIE & @EIALTG 6 S0 Unimodal simulation 0.00-
f G : constant; zan’;:( be c_flcanged Efterhcreatidnga model mcmc$addSampler(...) RT constrained item 5 0 5
or 77] AU - ata & inits can bechange . Ability
: g . . IRT unconstrained -
. Confi MCMC . dvanced # Build MCMC —— Parametric = Semiparametric = = True densi
G — /K(UJ‘H)F(CZ(Q), F ~ DP(O&7 GQ) . L o agl;;?riat‘:m ) configureMcMC() Rmcmc  <- buildMCMC(mcmc) S| constrained item - i t Semip t True density
) ‘ ; ) - # Compile the model in C++ S| unconstrained - . . . . .
oge . . . 9 - Build an MCMC buildMCMC()
[ /C(’@) probablllty kernel - Normal distribution 6 = {,LL, o } : | object ) T ayMCMC <~ buildMcmc( Cmodel <- compileNimble(model) S| unconstrained centered A O Efﬁuency changes with true distribution of
: mOdGIObje.Ct or .._|—= [myModel |myConf] # Compile MCMC 1 1 1
: L | McMC configuration )= [myhiodel|myConf], Semiparametric the latent trait (IRT bimodal, SI unimodal)
B o concentration parameter | il rame ‘__|_— _—EE—JL_TL_ c("betad”,..), | cneme <= compileNimble(meme, project = "model") R » o o | o b
] GQ base distribution for {,u, 0'2} —)GQ — N(O, 0'8) X InVGamma(Vl, VQ) : thi““infi":e;val'.t;—.th.@Etfsz—f Eh.l—n_zz_! # Get samples IRT constrained item - - - ISSpecification o can Iea O Dlase
i a secona set ot variables with its own thinning — _ . .
: . . : [ e e e T e _ S IRT unconstrained | [ NN NNNNIID estimates (also for item parameters)
m different representations & sampling algorithms 3 _[ — J m-ml\l;liM;((:p)’lc() using MCHC object samples <~ runMCMC(Cmcmc, niter = 10000) S consvanec tem| [ P
- Stick-breaking process | Chinese restaurant process Sl unconstrained [[7] = Computational cost for flexibility is rea-
S1 unconstrained centered { [l sonable in light of better inferential results
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min ESS/second (total time)
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