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A B S T R A C T  

Objective: According to the most recent available Eurostat data from 2018, Poles’ satisfaction 
with their financial situation stood at 6.3 points, which was below the EU average. We focus on 
how households’ behaviours have evolved over the past 15 years and their impact on perceived 
financial well-being. 
Research Design & Methods: To comprehensively assess the financial situation of Polish 
households, this study leverages the Social Diagnosis panel research, a longitudinal dataset 
spanning eight waves from 2000 to 2015. We employ latent Markov models with varying 
numbers of latent structures, incorporating survey weights and different sets of transition matrix 
constraints to analyse the dynamics of financial behaviours and identify potential shifts over time. 
We consider a heterogeneous transition matrix (not constrained) where the transitions are allowed 
to vary freely across time points, and partial-homogeneity, allowing some transition probabilities 
to vary while others remain stable across time. 
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Findings: Through these models, we find three latent states of Poles with similar level of 
income perception and describe the process of changing opinion in the analysed period of time. 
We demonstrate the self-reported financial satisfaction in each round of the national longitudinal 
Polish survey with a particular interest in financial behaviours before and after the financial 
crisis. Our analysis reveals a distinct pattern following the peak of the financial crisis: Individuals 
exhibited a higher probability of remaining in the unsatisfied group, a lower probability of 
maintaining full satisfaction, and reduced likelihood of transitioning from dissatisfaction to 
general satisfaction, particularly during the two waves immediately following the crisis. 
Implications/Recommendations: Our findings underscore the critical role of financial 
well-being in shaping individual behaviour and societal outcomes. These insights can inform 
policymakers as they allocate public funds, emphasising the need to prioritise policies that support 
financial stability and resilience. Moreover, the proposed approach could be extended to examine 
respondent behaviour before and after other significant global events, such as the EU accession 
(2004), the COVID-19 pandemic, or the Russia-Ukraine war. 
Contribution: A key contribution of this approach is our conceptualisation of self-reported 
income satisfaction as a latent, discrete variable, which we analyse using a particular latent 
variable modelling techniques. This research addresses a critical gap in understanding the 
evolving dynamics of households’ behaviour and the impact of economic downturns on financial 
perceptions in developing countries like Poland. Moreover, compared to the most recent studies 
on financial well-being that also cover other national surveys, we demonstrate changes in attitudes 
across society by analysing all waves of the national longitudinal survey, accounting for the 
heterogeneous structure of the data and incorporating survey weights. 
Article type: original article. 
Keywords: constrained latent Markov model, financial well-being, homogeneity, transition 
matrix. 
JEL Classification: C33, C52, D19, I31. 

1. Introduction 
The assessment of the income situation of households, their physical equipment, 

standard of living and the perceptions of the economic situation of households them-
selves is an important part of the social survey research. The most frequent subject 
of research interest is the income differentiation of the population with emphasis on 
households at the risk of poverty, households with the lowest income, the relation 
of the income group to the household segmentation in social, age, educational and 
regional categories (Sirovátka & Mareš, 2009). 

To assess the income situation of households, most frequently, objective indi-
cators of wealth (for example, level of income, asset allocation) are considered. 
This paper examines subjective well-being as a rising indicator of societal advance-
ment, potentially offering a more direct assessment of household prosperity than 
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traditional income metrics (Binder, 2014). First, household income is a difficult 
or sensitive question for many respondents, and it tends to have a high proportion 
of missing responses. The use of alternative measures should minimise the effect 
of unreliable household income data, a significant risk considering well-known 
difficulties measuring household incomes in many parts of the world (Diego-Rosell, 
Tortora & Bird, 2018). The second reason is that the subjective material well-being 
variables are likely to account for most of the variance resulting from direct income 
effects, as well as indirect effects such as relative income (Clark et al., 2005). 

Many authors emphasise that non-monetary factors of financial satisfaction 
can transcend the limitations of income-based measures, enabling researchers 
to delve into the determinants of material well-being, social welfare, and quality 
of life (Betti et al., 2001; Bialowolski & Weziak-Bialowolska, 2014; Białowolski, 
2018). Furthermore, it is widely recognised that perceptions of household income 
significantly influence subjective well-being. Diego-Rosell, Tortora and Bird (2018) 
demonstrated that material well-being is a primary driver of subjective well-being 
across all 153 analysed geopolitical regions. 

Poland, a nation situated in Central and Eastern Europe, has recently under-
gone a period of structural and economic transformation. Despite relatively robust 
economic growth, income inequality has remained relatively modest compared to 
neighbouring countries like Ukraine, Lithuania, Latvia, and Russia. Nevertheless, 
Poles often express dissatisfaction with their financial circumstances. 

According to the most recent available Eurostat data from 2018 (Eurostat, 2019), 
Poles’ satisfaction with their financial situation stood at 6.3 points (on a 0–10 scale), 
which was below the EU average of 6.6 points. These data represent the most recent 
comprehensive and internationally comparable Eurostat evidence specifically 
concerning subjective financial well-being across EU countries. Although more 
recent data on overall life satisfaction are available for 2023, with Poland ranking 
relatively highly (Eurostat, 2024), similarly detailed cross-country data focusing 
specifically on satisfaction with one’s financial situation have not been included in 
more recent Eurostat publications. 

In this study, we address a critical methodological question: How do relevant 
constraints imposed on the latent part of the Latent Markov (LM) models improve 
the measure of fit and facilitate the interpretation of socio-economic issues 
concerning the self-reported material well-being of Poles observed at different 
points in time? This research question guides our investigation into the optimal 
modelling approach for longitudinal data on subjective financial satisfaction. 
By comparing models with different types of constrains, we aim to demonstrate 
how appropriate restrictions can enhance both statistical performance and substan-
tive interpretability when analysing temporal patterns in Poles’ financial well-being 
perceptions. This question is particularly relevant given the challenges of analysing 
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subjective economic assessments across different economic cycles and social 
contexts. The question of the changing households’ behaviours and the effects of 
economic downturn on the perception of the financial position for a developing 
country like Poland is still understudied. This article fills this gap. 

To assess the financial situation of Polish households, our study employs the 
Social Diagnosis (2015) panel research, encompassing all eight waves conducted 
between 2000 and 2015. Focusing on individual responses from household 
heads, we investigate the evolution of subjective financial satisfaction in Poland. 
Our analysis examines self-reported income positions across survey waves, with 
particular attention to pre- and post-economic crisis behaviour. To capture the 
evolving dynamics of Polish households, we employ dynamic discrete latent variable 
models (Bartolucci, Pandolfi & Pennoni, 2022) that allow for transitions between 
latent classes (states) over time. We adopt especially LM models (Bartolucci, 
Farcomeni & Pennoni, 2013), incorporating survey weights often overlooked in 
previous research. By comparing models with varying numbers of latent structures, 
constraints, and temporal transitions, we gain insights into the changing financial 
attitudes of Polish households. 

The paper proceeds as follows: In section 2, we review the relevant literature 
describing the most important studies concerning the subjective assessment of 
financial situation among the Polish society. Then, we outline the adopted latent 
variable models, namely LM models with different types of constraints (section 3). 
The data and main results are presented in section 4, whereas some conclusions are 
given in section 5. 

2. Literature Review 
In the following, we describe relevant contributions concerning the perceived 

income satisfaction of households, in particular in connection with the Polish data 
and studies based on the other national surveys, so as to clarify which are the novel-
ties of the approach we propose. 

Gasiorowska (2015) investigated the influence of money attitudes on the rela-
tionship between income and financial satisfaction. The study concerning the Polish 
households’ economic well-being in 2013 was based on the hierarchical regression 
analysis in the group of 356 Polish internet users. The results showed that the level 
of households’ income was only modestly correlated with subjective economic 
well-being. However, the author notes that the current income may be an inade-
quate measure of objective wealth, as it does not necessarily represent all economic 
resources that contribute to a sense of financial satisfaction. 

Zalega (2012) examined the subjective assessment of the material condition and 
the allocation of monetary resources based on questionnaire interviews with 1,896 
households of the 10 biggest Polish cities in the year 2011. In that year, only a few 
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respondents assessed the financial situation of their household as very good (2.9%), 
while 70% of respondents were dissatisfied with the current disposable income. 
The author, by means of correlation analysis evaluated the relationship between the 
self-assessment of financial condition and the other variables, such as age, educa-
tion, gender and income, in the selected group of households. 

Hanusik and Łangowska-Szczęśniak (2013) examined the correlation between 
Polish households’ subjective perceptions of their material circumstances and their 
income, expenses, and the educational attainment of the household head. The econo-
metric analysis based on probit models showed that there is a strong dependence 
between self-assessment of the material situation and household income, expenses 
and a clear differentiation of this assessment depending on the level of education of 
the head of household. The author presented the results for the cross-sectional data 
budgets of households carried out by the Statistics Poland (GUS) in 2011. 

Wałęga (2015) also analysed subjective material situation of young people’s 
households in Poland based on Statistics Poland household surveys in the years 
2000–2012. The results, relying mainly on structure analysis shown that the mate-
rial situation of young people’s households is more favourable than that of other 
households (with a head of the household older than 35 years). A noticeable general 
improvement in the subjective assessment of the financial situation was especially 
observed for young people until 2008. However, in 2012, its deterioration, as a result 
of the financial crisis, was noted. 

Gasińska (2016) discussed the most characteristic subjective opinions and assess-
ments concerning the Poles’ income situation. The author emphasised that in recent 
years there has been a clear improvement in the self-assessment of the material 
situation of households in Poland. The share of very good grades increased signif-
icantly, and at the same time, there was a relatively small decrease in the share of 
negative grades. In all socio-occupational groups, the number of respondents with 
low and very low ratings of their situation decreased, and at the same time, though 
at a different pace, the number of good and very good grades increased. The results 
are based mainly on Social Diagnosis (2015) data in 2000–2015, however the statis-
tical analysis is limited to the regular summary statistics tables. 

Kalinowski and Kozera-Kowalska (2017) analysed the correlation between 
subjectively perceived income levels and demographic factors such as gender, 
age, education, household structure, and geographic region among rural residents 
in Poland. The obtained results based on the 1,067 rural respondents, questioned 
in 2013, indicated that the factors influencing the positive assessment are education 
and subjectively assessed household’s well-being. 

Existing studies based on other national surveys (Verbič & Stanovnik, 2006; 
Popova & Pishniak, 2017; Brzozowski & Spotton Visano, 2019) are limited by 
their cross-sectional design, providing an incomplete understanding of subjective 
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financial positions in the analysed societies. Researchers such as Chzhen (2016) and 
Mahdzan et al. (2019) acknowledge the shortcomings of these studies and advocate 
for the use of national longitudinal surveys to effectively evaluate changes in partic-
ipant behaviour over time. 

Note that the assumption of many of the statistical procedures is the homoge-
neity of the analysed data. In most of the studies regarding the issue of self-reported 
income position, it is simply supposed (without prior verification) that the analysed 
data set is homogeneous and the statistical methods are applied. The problem 
of heterogeneity of the data is very important, especially when responses are 
observed on each subject repeatedly over time. Relating to the available studies, 
one of the important contributions of the provided approach is that we perceive the 
self-reported income satisfaction as a latent, discrete variable that we analyse by 
a suitable latent variable model. Compared to the author’s previous study (Genge, 
2021), we conceive the unobserved heterogeneity dynamically at the same time. 
The respondents can change the membership of the identified structures (which are 
referred to as states) over time. A key challenge in this research is model selection, 
involving the determination of both the number of latent structures (states) and the 
specific constraints within the LM model. We note that, although the first relevant 
piece of literature which is specifically devoted to LM models for longitudinal data, 
is the book by Wiggins (1973), due to technological advancements, these models 
continue to be developed in modern times (Tullio & Bartolucci, 2022; Brusa, 
Bartolucci & Pennoni, 2023). The primary advantage of LM models lies in their 
ability to analyse the evolution of behaviours or phenomena over time. Although 
prior studies have utilised selected waves and survey weights in their longitudinal 
analyses (Pennoni & Genge, 2018, 2020), to our knowledge, this is the first study 
to examine changing households’ behaviours using all available waves of a national 
panel survey while incorporating sample weights. Populations that are oversampled 
in national data sets have a smaller weight value (Thomas & Heck, 2001). Therefore, 
incorporating weights into empirical analyses is essential to address the unequal 
probability of selection, nonresponse, noncoverage, and poststratification. This 
approach, often referred to as weighting, is a straightforward method for handling 
disproportionate sampling (Kalton, 1989; Stapleton, 2002). 

3. Methodology 
3.1. Basic Latent Markov Model 

In our investigation, we examine a categorical outcome variable X^ ht , measured 
at each time point t, with t = 1, …, T (T = 8 in our study). The outcome variable 
X^ ht  is meant to evaluate the financial well-being of Polish households and includes 
l j categories, where l j  represents the number of possible responses for j-th variable, 
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labelled from 0 to l j –1. We define the vector of outcomes for individual i at time 
^ ^1h ^T hpoints t as X X ,…, X h, which represents repeated observations on the same 

respondents over time. 
It is important to note that we perceive the perception of a household’s income 

as an unobservable, latent characteristic, assessed through questionnaire items. 
LM models allow us to conceptualise self-reported income position as a time-

^1h ^T h-varying latent variable, denoted as S = S …, , S , which is considered to be 
a hidden stochastic process of the first order with u latent states. 

A fundamental assumption of the LM model is that the response vectors 
^1h ^T hX … , are conditionally independent when considering the latent process S., , X 

Furthermore, the elements X^ ht  of X are conditionally independent when consid-
ering S^ ht . 

The LM model is characterised by various types of parameters that describe: 
– the measurement component of the model – the conditional probability distri-

bution of the outcome variable, given the latent states: 
^ t h ^ t h … T s =1 … u x = 0,…, l .° x s  = p X_ = x S  = si, t =1, , ,  , , ,  j – 1 

– the latent component of the model – the initial π  and the transition π^ ht prob-s s sr 
abilities, expressed by the formulas below: 

^ ^˜ s = p S 1h = sh, s =1,…, ,u 

^ t h ^ t h ^t –1h r i ,…, ,T s s  ˛ s s  
= p S_ = s S  = s , t = 2 r, =1,…, u,
r 

^ –1hwhere s is a realisation of S^ ht  and sr  is a realisation of S t . 
Given the parameters outlined above, the probability mass function of S is 

defined as follows: 
T ^ t hp^S sh = ° ^ h% ° , s = 1,  …, u, (1) ^t – 1h = s 1 t = 2 s ̂ t h s 

^1h ^T hwhere s represents a realisation of S, including elements s ,…, s . Moreover, the 
conditional distribution of X given S is computed as: 

p_X = x S = si = %T φ s , (2) ^ t h ^ t ht =1 x 

for any realisation x of X. 
The manifest distribution of the response variables in the basic LM model is 

defined as: 
^2h ^T h ^1h ^T hp^X x = s ˜ ˜h s 

…˜  # ° …° .= h / ^1 (3) s ^2h ^1h ^T h ^T – 1h ^1h ^1h ^T h ^T hs s s x s x s 

It is important to note that the basic version of the model does not incorporate 
individual covariates. This framework presumes a uniform latent model for all 
units and a consistent measurement model across time. Moreover, this version of 
the model imposes no restrictions on either conditional probabilities or initial and 
transition probabilities. 
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To illustrate the progression of the phenomenon of interest, the margnal distribu-
tion of each variable S^ ht very often are presented in a figure (especially if there are 
many transition matrices to be analysed). Furthermore, based on the above probabil-
ities the marginal distribution of X^ ht  may be computed as: 

up X^ ^ t h = xh = / s =1 p S^ ^ t h = sh° x s, x = 0,  …, l j – 1. (4) 

3.2. Constrained Latent Markov Model 

In the subsequent phase of our analysis, we explore various formulations of the 
LM model proposed by Bartolucci, Farcomeni and Pennoni (2013) that incorporate 
constraints related to specific hypotheses of interest. These constraints can pertain 
to the distribution of the latent process, such as the initial or transition probabili-
ties of the model. Depending on the research objectives, an LM model can also be 
formulated by imposing constraints on both components. 

The following constraint on the initial probabilities may be considered: 
° s =1/u, s =1,…, u. 

This means that, at the beginning of the period of observation, each latent state 
includes the same proportion of subjects. 

Another approach involves imposing constraints on the transition probabilities, 
which can significantly reduce the model’s parameter count. To represent these

^ htconstraints succinctly, let denote the transition probability matrix with elements ˜ ,  
s = 1, …, u, arranged in a row ^ hsr  by column ^ hs format. 

s sr 

The most basic constraint on the latent component of the LM model is: 
% ^ ht =% , t =1,…, ,T (5) 

s sr s s  , ,where % is a common transition matrix with elements ˜ , ,r =1 … u. This 
aligns with the hypothesis of a time-invariant Markov chain. 

A weaker version of the above constraint is: 
)^1h )Π , t = 2,  …, T^ t hΠ = ) )^2h ) (6) t T +1,…, ,Π , = T 

with T)  between 2 and T – 1 and Π)^ h1  and Π)^ h2  being separate transition matrices, 
) 1 ) 2with elements ˜ ^ h and ˜ ^ h  ,  respectively. This aligns with the hypothesis of partial s sr s sr

time homogeneity, characterised by two distinct transition matrices: the first appli-
cable until occasion T* , and the second governing transitions subsequent to this 
occasion (Bartolucci, 2007). 

As far as the estimation process is concerned, our study incorporates indi-
vidual longitudinal sampling weights, denoted as wi , i = 1, …, n, by maximising 
a weighted log-likelihood using the Expectation-Maximisation (EM) algorithm 
(Baum et al., 1970; Dempster, Laird & Rubin, 1977). The EM algorithm is applied 
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to estimate the models with latent variables since it is based on the concept of 
complete data, which is related to the value of every latent variable, further to the 
response variables (see Bartolucci, Farcomeni & Pennoni, 2013, chapter 3, for more 
information). Given that the latent configuration is unknown for each respondent, 
the EM algorithm maximises the observed data log-likelihood by alternating the 
expectation and maximisation steps until convergence. To prevent convergence to 
local maxima and comprehensively explore the parameter space, we employ diverse 
initialisation strategies for the EM algorithm, incorporating both deterministic and 
random values. To estimate the model, we utilise a specialised function within the 
LMest package (Bartolucci, Pandolfi & Pennoni, 2017) designed for the software R 
(The R Core Team, 2025). This function enables the use of multiple initialisations 
for the EM algorithm. 

An essential point in using discrete latent variable whether in basic or advanced 
forms, is the selection of the number of latent structures (clusters, states, or the 
number of categories of the discrete latent variable). Following a common rule, 
initially, we fit the LM model for progressively larger values of u, continuing until 
we identify the minimum BIC (Schwarz, 1978) and AIC (Akaike, 1973) indices. 
Subsequently, we attempt to simplify this model by applying various constraints, 
continuing until further reductions in BIC and AIC are no longer feasible while 
maintaining the previously determined number of latent states. 

To evaluate the quality of the LM model, we also consider the index Su , a clas-
sification quality metric proposed by Bartolucci, Lupparelli and Montanari (2009): 

n t )^ t h/ /T 6 f ^xh – 1/u@i =1 t =1uS = , (7) ^1 1/u n– h T 
t )^ t hwhere f ^xh is the maximum of the posteriori probabilities, with respect to 

s (s = 1, …, u). Note that this measure is based on the entropy index illustrated by 
Bacci, Pandolfi and Pennoni (2014). The index Su ranges from 0 to 1, with a value of 
1 indicating perfect classification accuracy and clearly distinguishable latent states. 
On the other hand, when states are not well separated, most of the probabilities 
t )^ t h^ hf x  are close to 1/u and then Su  attains value close to its minimum, which is 
equal to 0. 

4. Data and Results 
4.1. Data 

In the empirical part of the paper, we analyse data concerning self-reported 
financial status coming from the largest household panel, the Social Diagnosis 
survey (Social Diagnosis, 2015). Social Diagnosis is a 15-year observational longitu-
dinal study aimed at presenting the well-being, living conditions (financial, societal, 
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cultural) and health issues of the Polish population. To date, data have been collected 
up until 2015, which is the last issue available. Our analysis centres on the survey 
question “Is it easy to make ends meet?” which features the following ordered 
responses: “with great difficulty” (0), “with difficulty” (1), “with some difficulty” 
(2), “rather easily” (3), “easily” (4). These responses were collected in each wave of 
the longitudinal survey1 conducted in 2000, 2003, 2005, 2007, 2009, 2011, 2013, and 
2015. The analysed complete data concerns n = 2,768 (346 complete observations at 
each point in time). 

Fig. 1. Distribution of Responses by Year (Including Survey Weights %) 
Source: own study. 

Figure 1 illustrates the distribution of responses across survey waves, incor-
porating survey weights to maintain the sample’s representativeness (Ernst, 1989; 
Verma, Betti & Ghellini, 2007). We note the highest concentration in the middle 
category (to cope with a certain difficulty). There is a clear difference in the distri-
bution of the responses between the first and the last year of the survey. While the 
percentage of Poles declaring the worst position is over 30% at the very beginning of 
the survey and is decreasing with years, for the last category, there is less than 1% in 
the first round and close to 5% of households reporting the highest financial status 
in the last round of the survey. We denote the increasing tendency of reporting the 

1 See the data set and its complete documentation in Social Diagnosis (2015) database. 
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best material position over the years (the increasing share of the highest scored cate-
gories), showing the improving financial situation of Polish households in the period 
of time considered. Our findings align with the research of Panek and Czapiński 
(2015a, 2015b). However, their study relied solely on summary statistics from the 
final two survey waves. We also remark that the distribution of the responses has 
not dramatically changed with the occurrence of the economic crisis. More details 
and figures representing the analysed data can also be found in the author’s previous 
work (Genge, 2019). 

4.2. Empirical Study 

In this section, we describe the results obtained from applying latent Markov 
models to the dataset concerning the material position of Polish households 
(presented in section 4.1) using the R package LMest (Bartolucci, Pandolfi 
& Pennoni, 2017). In the initial phase of our analysis, we determined the optimal 
number of latent states and subsequently explored model simplification through the 
application of various parameter constraints (see Table 5). 

4.2.1. Results for Basic Latent Markov Model 

At the first stage, we compared the results for the basic LM models (with heter-
ogeneous transitions) with varying number of latent states. Given that the minimum 
BIC index value was 6,353.216, a three-state latent structure (s = 3) was determined 
to be the optimal number of latent components. When s = 3, we also observed a high 
classification quality index S .u = 0 845, supporting the presence of well-defined latent 
structures within the analysed dataset. The estimates of the parameters under the 
selected LM model with s = 3, denoted as LM-hetero, are given in Tables 1–3. 

The conditional response probabilities under model LM-hetero presented in 
Table 1 enable to characterise Polish households in terms of their perceived finan-
cial condition. The first latent state refers to the households with the worst self-
-reported material well-being, the third state to the households with the highest 
income perception and the second to those generally satisfied with their material 
situation. As the number of latent states rises, the likelihood of belonging to the 
initial category (x = 0) diminishes, while the probability of being assigned to the 
final category (x = 4) grows. Respondents assigned to the initial latent state are 
highly likely to indicate the most challenging financial circumstances φ x s  = 0 57.  as 
opposed to those reporting the same feeling concerning present income belonging 
to the third state (φ x s  = 0 07. ). Furthermore, the class-specific scores φ s presented 
in Table 1 show that the identified latent states are increasing in order. The findings 
presented here largely align with previous research on LC models (Genge, 2021). 
However, the latent component of the LM model provides a more nuanced explora-
tion of opinion evolution over time. 
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Table 1. The Estimates of the Parameters Describing the Measurement Part of the Latent 
Markov Model with Three States and Heterogeneous Transitions (LM-hetero) 

tφ x s  

s x = 0 x = 1 x = 2 x = 3 x = 4 tφ s 

1 0.5666 0.3174 0.1096 0.0045 0.0020 1.5582 

2 0.0236 0.2111 0.6338 0.1315 0.0000 2.8732 

3 0.0069 0.0129 0.1487 0.6752 0.1563 3.9611 

Source: own study. 

Table 2 demonstrates that the first latent state was the predominant grouping 
for the majority of households at the study’s outset. Then, Table 3 provides a longi-
tudinal perspective on the phenomenon being studied, focusing on the temporal 
dynamics of self-reported income classification. We observe that the third latent 
state is characterised by a strong tendency toward persistence, implying that indi-
viduals who report the highest levels of financial satisfaction are unlikely to expe-
rience a decline in their perceived financial well-being. Note that, between years 
2009 and 2011 (t = 6), respondents are much more stable with their negative opinion 
( . ) and less prone to switch to the generally satisfied group of Poles 0 90 ˛11 = 
( . ), compared to the previous transition matrix (characterised by the high 0 10 ˛12 = 
probability to switch to the second group). Moreover, the highest chance to switch 
from the best situated group of Poles to the second, generally satisfied respondents 
( . ) is observed between the years 2011 and 2013. We might try to explain 0 19 ˝32 = 
this behaviour as a slightly worse general economic perception corresponding to the 
economic crisis. 

Table 2. Estimates of the Initial Probabilities πt  for the Three-state, Heterogeneous Latent s 
Markov Model (LM-hetero) 

s πt s 

1 0.5772 

2 0.3406 

3 0.1021 

Source: own study. 

Beginning with the second-to-last wave, namely 2013 (see Table 3 for t = 8), 
an intriguing pattern emerges, i.e., subjects in the first latent state are much less 
evident compared to other years. Moreover, in this period we can observe the 
highest transitions from the first to the second ( . ) and from the second 0 3153 ˙12 = 
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to the third latent state ( . ), revealing the tendency to improve in their 0 2098 ˙23 = 
behaviour in recent years of the study. 

tTable 3. Calculated Transition Probabilities πt ̂ h  for the Three-state Latent Markov Model s sr
with Heterogeneous Transitions (LM-hetero) 

tt ̂ hπ s sr 

t s s = 1 s = 2 s = 3 

2 1 0.9018 0.0951 0.0031 

2 0.0199 0.9023 0.0777 

3 0.0000 0.1166 0.8834 

3 1 0.8017 0.1798 0.0185 

2 0.0000 0.9880 0.0120 

3 0.0000 0.0000 1.0000 

4 1 0.9311 0.0676 0.0013 

2 0.0456 0.7989 0.1556 

3 0.0000 0.0000 1.0000 

5 1 0.7285 0.2458 0.0257 

2 0.0000 0.9124 0.0876 

3 0.0000 0.0000 1.0000 

6 1 0.8980 0.1020 0.0000 

2 0.0137 0.9450 0.0413 

3 0.0000 0.0026 0.9974 

7 1 0.9991 0.0000 0.0009 

2 0.0000 1.0000 0.0000 

3 0.0000 0.1957 0.8043 

8 1 0.6847 0.3153 0.0000 

2 0.0000 0.7902 0.2098 

3 0.0000 0.0079 0.9921 

Source: own study. 

To enhance the clarity of our findings, we present the marginal distribution (4) 
of the latent states S^ ht for each time point t, derived from the initial and transi-
tion probabilities outlined in Tables 2 and 3. Specifically, for each survey wave, 
we calculate the marginal distribution. It is clear from the depicted marginal prob-
abilities (Fig. 2) that the negative opinions are decreasing with years. Actually, 
a systematic decline in the probability of the first state is observed, accompanied by 
a corresponding increase in the probability of the third state. 
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^ hFig. 2. Calculated Marginal Probabilities p X^ t h = x  for the Three-state Latent Markov 
Model with Heterogeneous Transitions (LM-hetero) 
Source: own study. 

4.2.2. Results for Constrained Latent Markov Model 

The multiplicity of transition matrices (see Table 3) might complicate the 
straightforward interpretation of their individual elements. Therefore, we subse-
quently examine a model where transition probabilities exhibit partial time homo-
geneity, as specified in equation (6), for different values of T )  between t = 2 and 
t = 8. This model is identified as LM-part-hetero. The outcomes for LM with 
s = 3 and different values of T ) are given in Table 4. For each of these models we 
present: log-likelihood values (tl ), number of parameters (#par) AIC, BIC criteria 
and Su index classification of quality. 

Table 4 indicates that the LM-part-hetero model with T ) = 6 achieves the 
lowest BIC value (the number in bold). This model posits that individuals transition 
between latent states differently during the initial five waves compared to subse-
quent periods. 

These results seem to be especially interesting to compare the respondents’ 
behaviour in waves preceding (2000, 2003, 2005, 2007, 2009) and following (2011, 
2013, 2015) economic crisis. It is noteworthy that the BIC values for both LM-hetero 
(equal to 6,353.217) and LM-part-hetero with T ) = 6 (equal to 6,221.312) are supe-
rior to the BIC value associated with the traditional LC model (Genge, 2021, p. 13, 
Table 7). 

The conditional probabilities depicted in Figure 3 align closely with the interpre-
tations of latent states as indicators of various Polish financial satisfaction types, as 
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suggested by the estimates in Table 1. In class one, the tallest bars (representing the 
highest conditional probabilities) were observed for categories 0 and 1, in class two, 
the final bar was observed for category 2, and in class 3, bar ejections were observed 
for categories 3 and 4. Consequently, we can retain the previously proposed labels, 
i.e., S1  – households with the lowest perceived income, S2 – households exhibiting 
general satisfaction, and S3  – households reporting the highest financial standing. 

Table 4. The Selection of Latent Markov Models Ranging from Unconstrained (hetero) 
to Partially Constrained (part-hetero) Transition Matrices 

s tl #par AIC BIC Su 

LM (hetero) −3,015.576 56 6,143.152 6,353.217 0.846 
)LM (part-hetero) T = 2 −3,038.272 26 6,128.543 6,226.073 0.841 

)LM (part-hetero) T = 3 −3,037.493 26 6,126.986 6,224.517 0.842 
)LM (part-hetero) T = 4 −3,037.204 26 6,126.409 6,223.939 0.840 
)LM (part-hetero) T = 5 −3,035.919 26 6,123.837 6,221.367 0.841 
)LM (part-hetero) T = 6 −3,035.891 26 6,123.782 6,221.312 0.843 
)LM (part-hetero) T = 7 −3,036.210 26 6,124.419 6,221.949 0.837 

Source: own study. 

However, the estimates of the initial probabilities presented also for each state in 
Figure 3 are slightly different with respect to those obtained under the LM model 
with all heterogeneous matrices (see Table 2). Specifically, within the LM-part-
-hetero model, we observe a higher concentration of individuals in the initial (most 
negative) latent state and a lower prevalence in the final (most positive) latent state 
at the study’s outset. 

Examining the estimated transition probabilities in Table 5, we observe distinct 
patterns between the first five waves and the subsequent waves. Notably, the initial 
transition matrix (pre-crisis) reveals a significantly higher level of persistence in the 
third, most positive latent state compared to the second transition matrix. Following 
the economic crisis, respondents demonstrate a greater tendency to remain within 
the unsatisfied and moderately satisfied groups (S1  and S2 ) and to transition from 
the highest satisfaction state to the intermediate satisfaction state (with a probability 
of 3 2 = 0 09 t̨ ̂ ht . ). These findings suggest a subtle decline in Polish sentiment, poten-
tially reflecting the broader impact of the economic crisis. This observation aligns 
with previous research by Helliwell, Huang and Wang (2014) and Chzhen (2016), 
who identified a decrease in subjective well-being in heavily affected EU coun-
tries during the 2008–2011 period (i.e., Greece, Ireland, Italy, Portugal, and Spain). 
Our results further imply that the crisis may have influenced Polish households in 
ways beyond mere budgetary constraints. 



Ewa Genge

 

170 

Fig. 3. Conditional Probabilities φ  for the Latent Markov Model with Three States jx s 
)and Partially Heterogeneouos Transitions (LM-part-hetero) and T = 6 

Source: own study, using the R package LMest (Bartolucci, Pandolfi & Pennoni, 2017). 

tTable 5. Calculated Transition Probabilities πt ̂ h  for the Three-state Latent Markov Model s sr
with Partial Heterogeneous Transitions (LM-part-hetero) for T ) = 6 

tt ̂ hπ s sr 

T ) s s = 1 s = 2 s = 3 

I t^ = 1,  …, 5h 1 0.8503 0.1438 0.0059 

2 0.0124 0.9095 0.0781 

3 0.0000 0.0000 1.0000 

II t^ = 6,…, 8h 1 0.8771 0.1229 0.0000 

2 0.0000 0.9456 0.0544 

3 0.0000 0.0923 0.9077 

Source: own study. 
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5. Discussion and Conclusions 
This study analyses the evolving patterns of subjective economic well-being 

among Polish households from 2000 to 2015. Employing LM models with various 
constraints, we examine the dynamic changes in the financial circumstances of 
Polish households over this 15-year period, encompassing the global economic 
crisis. Our study allows us to model the probability of individual household changes 
over time, identify more adequate structures in the analysed data set than the 
more popular latent class model (see Genge, 2021). Besides, the LM model with 
constraints posed on the parameters of the latent process (especially for T ) = 6), 
shows the best measure of fit, sensible pattern behaviour of Polish households, as 
well as facilitates the interpretation of the analysed data at issue. A notable advan-
tage of our approach is its ability to incorporate survey weights, thereby enabling a 
more accurate analysis of data from complex social surveys, a practice often over-
looked in longitudinal studies. 

Even though Poland occupies a lower position in the EU regarding subjective 
financial well-being based on Eurostat data, we have not witnessed substantial 
changes in Polish public sentiment following the economic downturn. The analysis 
of marginal and transition probabilities provided for each point in time shows the 
increasing tendency of positive self-reporting income position among the Polish 
households. However, even if Poland is one of the countries that did not suffer a lot 
in the global economic crisis (Gradzewicz et al., 2014; Helliwell, Huang & Wang, 
2014; Chzhen, 2016; Gomułka, 2016), we note slightly higher chance to switch from 
those declaring the worse financial situation to those mostly satisfied in the years 
preceding, and especially at the very beginning of the economic crisis, compared to 
years following this economic event. These results are in agreement with the figures 
presented in the work of Panek and Czapiński (2013) as well as with the studies of 
Wałęga (2015) and Zalega (2012). As expected, the deterioration of Polish sentiment 
is observed with some delay. We notice the higher probability of remaining in the 
unsatisfied group, lower probability of remaining in the fully satisfied group and 
lower chance to switch from those unsatisfied to those generally satisfied, especially 
in the first two waves following the peak of the financial crisis. 

We remark that most of the studies concerning subjective assessment of the 
financial situation in Poland are carried out on the specified subsamples of Poles 
(for example, young people’s households, biggest Polish cities), showing the results 
for questionnaire response variables in one or few years of the survey, based on 
summary statistics tables or different regression techniques, assuming the homoge-
neity of the analysed data. Moreover, compared to the most recent works illustrated 
also for the other national surveys (see i.e., Chzhen, 2016; Popova & Pishniak, 2017; 
Brzozowski & Spotton Visano, 2019; Mahdzan et al., 2019), we show the changes 
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of attitudes among the society, presented for all waves of the national longitudinal 
survey, accounting for heterogenous structure of the data, and including survey 
weights. We confirmed also that constraints imposed on the transition matrix of the 
LM model gives better measure of fit and facilitate the interpretation of the socio-
-economic issue regarding self-reported material well-being of Poles analysed at 
different points in time. Consequently, our findings can inform policymakers as they 
allocate public funds, emphasising the importance of considering financial well-
-being. In a subsequent study (Genge, 2023), we compare our results with a homo-
geneous LM model that incorporates time-varying covariates, enabling a more 
nuanced understanding of evolving households’ behaviours. This approach aids in 
identifying specific types of households (characterised by varying socio-economic 
factors) that may require enhanced social protection. 
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