Multi-level:

ClaSSicali = a’Oj[i] + a’guimr,j[i] : 1{Instrument,-:guitar} + a’piano,j[i] . 1{Instrument,-:pian0} + a’string,j[i] : l{Instrumenti:string} +
a’contrary,j[i] : 1{Voice,~=contmcy} + a’parj‘rd,j[i] . 1{Voicei=par3rd} + apar5th,j[i] : 1{V0icei=par5th} +
arv.v,jiiy * Yarmony,=riv-vy + @rvavjii © Visarmony=r-v-1vy +
Arv.vijli - l{Harmony,-:I-V-VI} + Qv - 1{Harmony,-:IV-I-V} t+€, € & N, o 2)

iid
ao; = Po+n0j, Mo ~ NO,T73)

iid 2
a’guitar,j = ﬂguitar + nguitar,j 5 nguitar,j ~ N(Oa Tgui[ar)
iid 2
a’piano,j = ﬁpiano + npiano,j s npiano,j ~ N(O7 Tpiang)
iid 2
a’string,j = ﬂstring + nstring,j s nstring,j ~ N(07 Tstring)
iid 2
a’contmry, j = ﬂcontrary + ncontrary, Jj o ncontmry, j = N (O, Tcontrary)
_ iid 2
QXpar3rd,j = ﬂpar3rd + Npar3rd,j > Tpar3rd,j ~ N(07 Tparj’rd)
_ iid 0 2
Qparsth,j = ﬂpar.’?th + Nparsth,j » Nparsth,j ~ N( s TparSIh)
_ iid 2
arv.y,j = Briv.v + MLy, i Nrmvevj ~ N(O, TI_IV.V)
iid 2
ALy, = Brv.av + Nrva, i NMrvavj ~ N, 7 I_V.Iv)
iid 2
arvvrj = Brvvi + Nevvejs NMevvij ~ N, Ty
iid 2
av.rvy = Pvv+ vy, Miveev ~ NO, Try)
Hierarchical:

It’s actually somewhat difficult to write the Hierarchical model efficiently. One way would be
to define

m; = an[i] + a’guimr,j[i] : l{lnstrument,:guitar} + a’piano,j[i] : 1{lnstmment,~=piano} + a’string,j[i] . l{lnstrument,:string} +
acontrary,j[i] : l{Voice,-:contracy} + a’parSrd,j[i] . 1{Voice,—:par3rd} + a/par5th,j[i] : 1{V()ice,-:par5th} +
arv.v, i) * Virarmony,=1-1v-vy + @rvav,jriy © Visarmony,=1-v-ivy +
AL V-vILj[i - 1{Harmany,.:1-v-v1} + Qi 1{Harmany,-:1v-1-\/}

and then write, ignoring the correlations again,

Classical; ~ N(m;, o)
iid
ao; ~ Po+noj, Moj ~
2
Agyitar,j =~ N(ﬁguimr’ Tguitar)

2
Xpiano,j ~ N(ﬂpiano, Tpiang)

N(0,77)



a’string, Jj
acontrary, J
Xparird, j
Aparsh, j
QLv-v,j
Qrv.1v,j
arv.vi,j

ayv.1-v,j

2
N(ﬁstring, 7-string)

N (Bcontrary’ Tiontral’y)
NBpar3nds T[Z)ar3rd)
NBparsis Toars)
NBrivv, Trv.y)
NBrvivs Tryy)
NBrv-vis Try.yp)

2
N@Bv.r.v TIV_I_V)

A fully correct specification would express the random vector of @’s as a multivariate normal, like

this for the model with random effects (Instrument + Voice + Harmony || Subject), for
example:
o, Boj 0

Qguitar, j ﬁguilar 0 guitar

piano, j ﬂpiano 0 Pgr Tpiano

Ustring, j ﬁstring 0 Pgs Pps Tstring (symmetric)

contrary,j i ﬁcontrary 0 0 0 0 Tcontrary

®Xpar3rd,j ~ N BparSrd 0 0 0 0 Pc3 Tpar3rd

®pars5th,j Bparsih 0 0 0 0 Pcs P35 Tparsth

QLIV-V,j Brivv 0 0 0 0 0 0 0 T vy

QArLviv,j Brv-1v 0 0 0 0 0 0 0 £145,154 T%—V—IV

ALV-VLj Brvvi 0 0 0 0 0 0 0 pussise Pisaise  Tryy

AIV-I-V.j Brviv 1] 0 0 0 0 0 0 0 puasa15 P1sa41s  P156415

and the model with random effects (Instrument + Voice + Harmony | Subject) would
look the same, except the 0’s in the variance-covariance matrix above would be replaced with

additional correlations.

vy |




