
1 ModelLet Y = {yij, i, j = 1, . . . , n; i 6= j} a set of response where yij = 1 ifthe player i beats the player j and 0 otherwise. Consider X = (xij), i =
1, . . . , n; j = 1, . . . , p the matrix of ovariates assoiated to the �xed e�ets
β = (β1, . . . , βp)

′ and Ui, i = 1, . . . , n the random e�ets supposed indepen-dent and identially distributed with normal with mean 0 and ovariane σ2.The Bradley-Terry model is de�ned by:
logit (P (yij = 1 | Ui, Uj)) =

p
∑

r=1

(xir − xjr)βr + Ui − Uj = z′ijβ + Ui − Uj

. (1)From now on, denote by U = (U1, . . . , Un) the vetor of the randome�ets with a multivariate normal distribution N(0, σ2In).The interest is the estimation of the parameter θ = (β, σ) by the maximummarginal likelihood(MML) whih is given:2 Marginal likelihoodThe marginal likelihood of the above model is given by:
L(θ; y) = P (Y = y) =

∫

Rn

P (Y = y | U = u) ϕ(u)du

=

∫

Rn

n
∏

i=1

n
∏

j=1,j 6=i

P (Yij = yij | ui, uj) ϕ(u)du

=

∫

Rn

n
∏

i=1

n
∏

j=1,j 6=i

exp
(

(z′ijβ + ui − uj)yij

)

1 + exp
(

z′ijβ + ui − uj

) ϕ(u)duwhere ϕ() is the density distribution of the random e�ets U .3 DataIn our ase, we have 77 lizards with only 100 responses, so we have too manymissing data. We have also four ovariates x1, x2, x3 and x4.1



We would like to estimate (β1, β2, β3, β4, σ) by the marginal maximumlikelihood (MML), using the glmer of the lme4 R pakage.QuestionCould you please show me how to write the formula and to hoose thedi�erent parameters of the glmer given below to estimate the �ve parameters
(β1, β2, β3, β4, σ).glmer(formula, data, family, start=NULL,verbose=FALSE,nAGQ=1,doFit=TRUE,subset, weights, na.ation, o�set, ontrasts=NULL,model=TRUE, ontrol=list(),...)
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