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ABSTRACT: The proposed approach addresses the issue of response styles in longi-
tudinal ordered categorical data, where respondents tend to endorse certain options on
a Likert scale regardless of the item’s content. These response styles, including mid-
dle, extremes, acquiescence, and disacquiescence, can introduce bias in the results. To
tackle this, the approach uses a Markov switching logit model with two latent com-
ponents. One component captures serial dependence and respondent’s unobserved
heterogeneity, while the other accommodates the responding attitude (RS or no-RS).
The responses’ dependence on covariates is modeled using a flexible stereotype logit
model with parameters varying based on the two latent components.
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Motivation and Models

Longitudinal ordered categorical data is susceptible to response styles, where
respondents, when asked to assess items using Likert scales at various time
points, tend to consistently select only a few specific options on the rating
scale, regardless of the item’s actual content.

Numerous studies in psychometrics and statistics have explored different
types of response styles (RS) and their consequences (Van Vaerenbergh &
Thomas, 2013). The commonly recognized response styles include acquies-
cence, disacquiescence, extreme and middle RS as described in Baumgartner
& Steenkamp, 2001, among many others.
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Ignoring the RS mechanism can introduce response heterogeneity, biases
the estimated model parameters, and consequently leads to inaccurate results
(e.g., Colombi et al., 2021).

In this study, our goal is to account for the temporal evolution of the RS be-
havior, which contrasts with previous approaches that either ignore it or model
it as a time-invariant latent trait or random effect (Billiet & Davidov, 2008;
Schauberger & Tutz, 2022).

Recognizing the significance of RS and its temporal dynamics, we propose
a Markov switching model (Fruhwirth Schnatter, 2001) driven by a bivariate
latent Markov chain. One component of this chain has k states or regimes,
known as the k-regime switching indicator, which captures serial dependence
and respondent heterogeneity due to unobserved covariates. The other bi-
nary component, called the response style regime switching indicator, dictates
whether respondents answer according to an RS or use the rating scale appro-
priately to accurately represent their feelings.

Given the k-regime switching indicator, the observed categorical responses’
dependence on time-varying and subject-specific covariates under the no-RS
regime is modeled using a stereotype logit model (Anderson, 1984), while
under the RS regime, it is modeled using a parallel local logit model with re-
stricted intercepts, accommodating the tendency of respondents to select cate-
gories due to RS.

This approach adds a contribution to the literature on multivariate Markov
chains in the context of Markov switching models (e.g., Pohle et al., 2021,
among others). The novelty of our approach, which extends existing models
for longitudinal categorical data (e.g., Bartolucci et al., 2012), lies in provid-
ing a Markov switching regression model for ordered responses that simulta-
neously considers attitude towards response styles, unobserved heterogeneity,
serial dependence, and the impact of time-varying covariates.

The fundamental assumption in our current approach is that transition prob-
abilities remain identical across subjects, as unit-specific covariate effects are
accounted for at the observation level. However, an alternative scenario has
been explored by Colombi et al., 2023, where a non-homogeneous latent pro-
cess is considered. In this case, the initial probabilities can be influenced by
time-invariant regressors, while the transition probabilities by time-specific co-
variates. This approach considers the restriction of subject and time-invariant
observation probability functions. In the mentioned paper, the observed vari-
ables are treated as indicators of a latent construct of interest, allowing co-
variates to naturally affect only the latent component of the model. The pri-
mary focus in the proposed work is centered on logit regression models fea-



turing time-varying parameters for the observable variables, with the k-regime
switching indicator serving as a tool to model both unit heterogeneity and time
dependence arising from unobserved covariates. For a deeper comprehension
of the proposed model and real-world applications, refer to Colombi & Gior-
dano, 2023’s work, which provides extensive details on both aspects.

Our approach has potential applications in various longitudinal surveys
that collect opinions on health status, risk of illness, economic difficulties,
the impact of climatic events, discriminatory and racist beliefs, and political
attitudes. These surveys may reveal biased perceptions due to response styles
that vary over time, reflecting the ever-changing nature of human behavior.
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