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In logit and probit models, a link function f : ]0,1[→R transforms the
conditional probability P(Yi = 1 |U) (whose values are between 0 and 1,
exclusively) to an unbounded real-valued random variable f [P(Yi = 1 |U)].

A response function f −1 is the inverse function of the corresponding link
function, which transforms f [P(Yi = 1 |U)] back to the probability scale. That is,

f −1(
f [P(Yi = 1 |U)]

)=P(Yi = 1 |U).
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Logit vs. Probit Function
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Abbildung: Graph of the logit and probit transformation of p
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Logistic and standard normal distribution

Comparing the logistic distribution and the normal distribution (density and
distribution function).
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Response functions and link functions in logit
models and in probit models

Logit

Link function: logiti := ln
(
P(Yi = 1 |U)

P(Yi = 0 |U)

)
Response function: P(Yi = 1 |U)= exp(logiti )

[1+exp(logiti )]

Probit

Link function: probiti := Φ−1[P(Yi = 1 |U)], where Φ−1 is the inverse function
of the (cumulative) distribution function of the standard normal distribution

Φ(x) = 1p
2π

·
∫ x

−∞
exp

(
− t 2

2

)
dt , ∀x ∈R .

Response function Φ(probiti )
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Logit model and probit model
In both models we assume: U-conditional independence of the items Y1, . . . ,Ym

∀i ∈ I = {1, . . . ,m} : P(Yi = 1 |U ,Y1, . . . ,Yi−1,Yi+1, . . . ,Ym) = P(Yi = 1 |U ). (1)

logiti =α
log
i

· (ξlog −βlog
i

), ∀i = 1, . . . ,m

probiti =α
pro
i

· (ξpro −βpro
i

), ∀i = 1, . . . ,m
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Relationship between parameters of different
models

For the item discriminations, the following equations hold approximately:

α
log
i

≈ 1.7 · αpro
i

In both models the item difficulties are on the same scale as the latent variable
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Probit models

in probit models we can test model fit by a χ2-test, and/or using the RMSEA
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Factor analytic representation of the probit model
for dichotomous variables

Model equation and variance decomposition:

Y ∗
i = ν∗i +λ∗i ·ξ∗+ε∗i

Var(Y ∗
i )=λ∗2

i ·Var(ξ∗)+Var(ε∗i )
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Relationship between the parameters of different
models

Relationship between item discriminations/factor loadings, if we can assume:
E(ξlog )=E(ξpro)= 0 and Var (ξlog )=Var (ξpro)= 1.

α
probit
i

α
logit
i

λi(z)

λi(z) = Standardisierte Faktorladung

λi(z)√
1−λ2

i(z)

1.7 · λi(z)√
1−λ2

i(z)

≈
α
logit
i

:1.7√
1+(α

logit
i

:1.7)2

≈α
probit
i

· 1.7

≈
α
logit
i
1.7

α
probit
i√

1+(α
probit
i

)2
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Birnbaum parametrization and factor analytic
parametrization

Also for item difficulties of the probit model, we can compute the intercept of
the factor analytic representation of the probit model and vice versa

β
pro
i

=
ν∗
i

λ∗
i

and vice versa:

ν∗i = β
pro
i

·λ∗i
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Mplus syntax

Example:

IRT Prof. Rolf Steyer 12


