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ABSTRACT: This study explores how proactive personality and respondents' income influence preferences for urban air 
pollution mitigation programs in Poland. For this purpose, we conducted a choice experiment that elicited preferences for 
improving air quality, used a validated psychometric scale to measure proactivity, and collected information on individual 
income. To analyse the data, we employed a hybrid latent class model that accounts for heterogeneity in preferences. The 
model identified four distinct respondent classes: three supported public investments in air pollution mitigation, while one 
preferred maintaining the current situation. Our results indicate that proactive personality significantly increased the 
probability of belonging to the class that showed the strongest support for air quality improvement and had the highest 
willingness to pay for proposed changes. Interestingly, it also increased the probability of belonging to the class that 
preferred to keep the status quo. Individual income did not directly explain preference heterogeneity, but it was positively 
correlated with proactivity.  
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Introduction

Air pollution remains one of the most pressing global environmental challenges. It is a wide-
spread consequence of increasing energy consumption, claiming approximately six million lives each 
year (Landrigan et al., 2019; Lelieveld et al., 2020). The most significant health risks stem from expo-
sure to particulate matter (PM), which is generated by the combustion of gas, coal, and hydrocarbons 
(Sharma et al., 2020). PM pollution disproportionately impacts individuals living in industrialised as 
well as urban areas with topographic conditions conducive to pollution accumulation, and it tends to 
increase with higher levels of urbanisation (Du et al., 2018). 

Addressing the issue of air pollution requires a focus on efficiency when selecting targeted poli-
cies for mitigation. Economic evaluation tools, such as cost-benefit analysis, are essential for assess-
ing the impacts of various policies on social welfare. However, quantifying the effects of these policies 
in monetary terms can be challenging, especially for health outcomes. The economic sciences have 
developed non-market valuation methods that can assign monetary values to effects that individuals 
care about when these values are not directly observed in the market (Johnston et al., 2017). Stated 
preference techniques, such as choice experiments (CE), are commonly used to evaluate environmen-
tal changes in monetary terms.

To effectively manage negative externalities like air pollution, it is essential to understand soci-
etal preferences regarding the desired outcomes of proposed solutions, as well as the financial costs 
the public is willing to accept. This study aims to investigate how proactive personality (PP) traits and 
income levels influence preferences for urban air pollution mitigation programs in Poland. To achieve 
this, we conducted a survey with a large sample of residents from four major cities in the country. 
Given that Poland has some of the most polluted urban areas in the European Union (EU) (EEA, 
2023a), it offers an appropriate context for examining preferences related to air pollution mitigation 
outcomes.

To elicit individual preferences, we used a CE, a survey-based method that assesses preferences 
by presenting respondents with a series of hypothetical policy alternatives. In the CE, each alterna-
tive is defined by different attributes of interest, such as policy outcomes or tools to achieve specific 
goals. Respondents are then asked to choose their preferred option among these alternatives. This 
method is based on Random Utility Theory (McFadden, 1972), which posits that individuals choose 
the option that maximises their utility. 

In making their choices in the CE, respondents weigh the trade-offs between the various attrib-
utes and their levels. When respondents face multiple choice sets – each containing several alterna-
tives – researchers can estimate the marginal rate of substitution. This rate indicates how much of 
one attribute individuals are willing to trade for another while maintaining the same level of utility. 
To convert the relative value of attributes into financial terms and willingness to pay (WTP), one 
attribute typically involves a monetary cost. While making trade-offs, respondents are assumed to 
consider their budget constraints, meaning their choices reflect a balance between their preferences 
as well as their financial limitations. Thus, CE is mirroring real-world decision-making. In a given 
choice set in CE, one option is typically described as a status quo (SQ) or business-as-usual scenario 
and assigned zero cost. The inclusion of the SQ option accounts for the preferences of individuals who 
are content with the current state of affairs. 

To elicit information about individuals’ PP, we utilised the psychometric scale developed and 
tested by Seibert et al. (1999). We chose to employ a shortened version of the original instrument 
created by Bateman and Crant (1993) in order to operationalise proactivity without significantly 
increasing the cognitive load of the survey. This abbreviated version of the PP scale still ensures the 
psychometric validity of the tool (Fuller Jr & Marler, 2009). Additionally, we collected data on respond-
ents’ self-reported income levels.

In this study, we hypothesise that individuals with higher levels of proactivity are less supportive 
of maintaining the SQ regarding air pollution, as well as being more willing to pay for initiatives 
aimed at mitigating its adverse effects. Furthermore, building on previous research that identifies a 
link between preferences for the status quo and lower stated willingness to pay (WTP) for improve-
ments in environmental quality (Meyerhoff & Liebe, 2009), and drawing on demand theory, which 
associates lower valuations with lower individual income, we examine the role of PP in shaping  
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preferences for air pollution reduction, with particular attention to the mediating role of income in 
this process.

In the workplace, individuals with higher levels of proactivity tend to be more innovative, politi-
cally informed, and demonstrate greater career initiative (Seibert et al., 2001). Because of these qual-
ities, proactive individuals are often considered valuable assets to their organisations (Fuller Jr & 
Marler, 2009) and typically earn higher incomes (Seibert et al., 2001). Therefore, income may medi-
ate the relationship between individuals’ PP and their valuation of benefits from improved environ-
mental quality. 

To analyse our data, we used a hybrid latent class model (HLCM). This model is a flexible tool that 
bridges behavioural sciences, such as psychology, with fields based on estimation, including engi-
neering and economics (Ben-Akiva et al., 2002). In our study, the HLCM approach allows us to inves-
tigate preference heterogeneity, specifically examining how PP and respondents’ income influence 
these preferences for air quality improvement. The conceptual model we use incorporates both the 
direct and the indirect effect of PP on observed choice behaviour in the CE. In the case of the indirect 
effect, we expected that income could mediate the impact of PP on preferences regarding air quality 
improvement. HLCM assumes that individuals belong to latent (hidden) classes, with each class 
exhibiting a distinct pattern of choice behaviour, and that latent characteristics can affect the proba-
bility of class assignment (Ben-Akiva et al., 2002). 

In this study, PP forms one latent characteristic of interest, while an individual’s income is consid-
ered a potential direct effect on preferences and a potential mediating variable. HLCM avoids direct 
inclusion of personality responses, thereby reducing measurement bias (Budziński & Czajkowski, 
2018). At the same time, it allows for uncovering distinct preference structures across groups and 
captures variations in behaviour that simpler models may miss. Thus, HLCM offers a richer under-
standing of heterogeneity in preferences and enables personalised, tailored policy insights and deci-
sion-making.

This study, to our knowledge, is the first to examine the influence of PP on environmental choices 
in stated non-market valuation methods. Valuing the non-monetary benefits and costs of investments 
utilised in a CBA enables the assessment of whether a particular investment contributes to or detracts 
from social welfare. This provides essential guidance to decision-makers. Understanding individual 
preferences, which influence the valuation of these changes, enables better policymaking and the 
selection of appropriate implementation instruments. 

While the stability of specific traits may change with age, personality characteristics are generally 
thought to maintain a consistent rank order throughout a person’s life (Bleidorn et al., 2022; Terrac-
ciano et al., 2010). This suggests that policymakers are unlikely to directly alter the levels of PP among 
citizens. However, the effective implementation of air pollution reduction strategies heavily depends 
on identifying the behavioural mechanisms that either promote or hinder societal change. Individu-
als with high PP likely serve as potential “change agents” within a population, similar to their leader-
ship roles observed during organisational transitions (Kim & Park, 2017; Parker et al., 2006). There-
fore, incorporating PP into non-market valuation research can provide policymakers with a more 
dynamic and forward-looking understanding of demand. This approach moves beyond static welfare 
estimates to highlight population segments capable of fostering broader social acceptance of envi-
ronmental reforms. 

Furthermore, research has shown that PP can influence health-promoting behaviours through 
mechanisms such as self-efficacy and health literacy (Wang et al., 2025). This indicates that proactive 
individuals may be more attuned to the impacts of air pollution. Consequently, understanding the 
preferences of citizens with high PP is crucial, both during the initial stages of program implementa-
tion and when evaluating potential social resistance to environmental initiatives.

The remainder of the paper is as follows: Section 2 describes the literature review; Section 3 
presents the research method; Section 4 contains the analysis results; Section 5 discusses these 
results. 
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An overview of the literature

The significance of personality traits in explaining economic and health outcomes has been well 
recognised (Grebitus et al., 2013; Roberts et al., 2011). However, relatively few studies have explored 
how personality can influence individuals’ preferences and valuations. Even fewer have examined the 
impact of personality traits in environmentally contextualised CEs (e.g., Farizo et al., 2016; Soliño & 
Farizo, 2014). In contrast, research on non-market valuation has focused more on the influence of 
psychological attributes, such as environmental attitudes, values, beliefs, concern, and norms, on 
individual preferences and WTP. In their meta-analysis of 63 studies, Gkargkavouzi and Halkos 
(2025) found that these psychological attributes account for a significant portion of the variation in 
people’s environmental preferences and are significant predictors of individual behavioural deci-
sions. 

In the study on the role of stated preference valuation methods in understanding choices and 
informing policy, Hanley and Czajkowski (2019) emphasised the importance of not only considering 
environmental attitudes but also examining deeper factors that influence preference variation, such 
as individuals’ personality traits. Existing literature indicates that personality traits can influence 
both preferences (Boyce et al., 2019; Farizo et al., 2016; Soliño & Farizo, 2014) and individuals’ 
responses to hypothetical scenarios presented in CEs (Grebitus et al., 2013). In terms of selecting the 
SQ option in CEs, Boyce et al. (2019) examined improvements in marine and coastal environments. 
Their findings revealed that lower neuroticism and higher openness to experience significantly affect 
preferences, decreasing the tendency to choose the SQ option in some countries. Unlike conscien-
tiousness, openness to experience also correlated with decreased sensitivity to cost. 

Additionally, research by Mariel and Meyerhoff (2016) on social preferences regarding land-use 
changes found that impulsivity – linked to higher neuroticism and lower conscientiousness – was 
associated with a lower likelihood of choosing the SQ option. At the same time, recent psychological 
and sociological literature has consistently suggested that personality plays a significant role in envi-
ronmental choices at both the individual and societal levels (Milfont, 2021; Muffato et al., 2025). 

In this context, the concept of PP becomes particularly relevant. Originally introduced in occupa-
tional psychology by Bateman and Crant (1993), PP is defined as a consistent tendency to take initia-
tive and actively shape one’s environment. In group settings, individuals who score highly on the PP 
scale often assume leadership roles and actively seek positive change (Kim & Park, 2017; Parker et al., 
2006). Bergeron et al. (2014) found that more proactive individuals tend to work longer hours and 
engage in organisational citizenship behaviours. Additionally, PP can influence what is known as 
“voice behaviour,” which involves proactively challenging the SQ and making constructive suggestions 
(Van Dyne et al., 1995; Kanten & Ulker, 2012). The effect of PP on voice behaviour is both direct and 
mediated by its impact on work engagement, making it a significant factor for bottom-up change in 
organisations (Adikoeswanto et al., 2024) and a candidate for fostering change in broader societal 
contexts. 

When provided with supportive conditions, individuals with high levels of PP not only respond to 
existing problems but also demonstrate greater creativity and a willingness to embrace new ideas or 
solutions in the professional setting (De Clercq & Pereira, 2023; Kim & Park, 2017). Research has 
shown that the general tendency for increased creativity among proactive workers spills over into 
sustainability-driven creativity within the environmental manufacturing industry (Lin et al., 2025). 
Moreover, Vanwalleghem and Mirowska (2020) found that proactive individuals are more inclined to 
make sustainable investments, even if it means sacrificing a higher return. Their study indicated that 
investors with a high PP are generally more sensitive to environmental issues, especially when pre-
sented with positive images of nature (“what could be”). 

Pavalache-Ilie and Cazan (2018) demonstrated that, alongside other personality traits, PP is one 
predictor of stated environmental behaviour. Their research suggests that PP may influence how 
motivational factors affect choices in this area, including how individuals assess the costs and bene-
fits of ecological actions (Steg & Vlek, 2009). This perspective provides a promising framework for 
understanding choice behaviour as stated in environmental non-market valuation studies.
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Research method

Survey structure

To address potential hypothetical bias which could be present in the stated preference methods, 
respondents were asked to take a truth-telling oath at the beginning of the survey. Oath scripts, based 
on commitment theory, are designed to encourage respondents to explicitly pledge to provide truth-
ful answers, thereby reinforcing their sense of responsibility and honesty (De Magistris et al., 2016; 
Jacquemet et al., 2013; Stevens et al., 2013). While research continues to evaluate the effectiveness of 
this approach in stated preference studies, the growing body of evidence suggests that it holds prom-
ise as an effective tool for improving data quality (Börger et al., 2025; De Magistris et al., 2016).

Then, the survey was divided into three sections. In the first section, the main sources of PM 
pollution (so-called low-stack emission) and the process of smog formation in Poland were described. 
This part was customised in relation to the respondents’ respective cities of residence, in order to 
provide participants with data on relative air pollution in their vicinity. Additionally, we provided 
information about the diseases caused by air pollution, with a focus on mortality and cardiorespira-
tory threats. 

In the second section, respondents were informed about the number of annual deaths in Poland, 
the annual number of premature deaths due to air pollution in Poland and in the cities where they 
live. Then, respondents were informed that they would be presented with a few sets of programmes 
to improve air quality in their cities and asked to choose the preferred option in each choice set. The 
description focused on the outcomes of these programmes, i.e. reduced risk of mortality and morbid-
ity, time of implementation and the cost of the programme. Each choice set contained the SQ option. 
The SQ alternative had a cost of zero. Choosing the SQ, rather than the other available alternatives 
(programmes), may indicate that the respondent does not care about air quality improvement in 
their city, or that they find the proposed changes too costly.

The third part included a PP scale (Seibert et al., 1999), which was a shorter version of the origi-
nal tool used by Bateman & Crant (1993) in their study introducing the concept of PP. Furthermore, 
at the end of the questionnaire, we gathered information on respondents’ socioeconomic character-
istics, including net monthly individual income.

The survey was created with input from public health experts and tested with the general public. 
A pilot survey with 80 participants helped refine the final questionnaire. Respondents were asked to 
complete the survey on personal computers or tablets so that the content of the vignettes and choice 
sets was clearly visible during the survey.

Choice attributes and experimental design

In the CE, we used a D-efficiency design to create 36 choice sets, each with two programmes 
aimed at reducing the risks of non-fatal illnesses and premature deaths caused by PM pollution in the 
respondent’s city and the SQ option. Respondents faced 8 choice sets drawn randomly from the full 
design (see Fig.1).

The programmes varied in their effects on mortality and morbidity, the number of years before 
the proposed policy would take effect, and the cost of the programme per household (in the form of 
an increase in local taxes). This design was adapted from the study by Jin et al. (2020). The levels of 
mortality and morbidity risk reduction achievable through anti-pollution programs were based on 
epidemiological evidence concerning the long-term risks of PM exposure in Poland (IHME, 2019). 
Table 1 shows all the attributes and their levels used in the CE. 
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Figure 1. The choice set example

Table 1. Attributes and attribute levels used in the CE

Attribute Description Attribute levels

MORTALITY Premature deaths prevented per year per 100,000 people 0 (SQ), 10, 20, 30, 40, 50

MORBIDITY Non-fatal cases prevented per year per 100,000 people 0 (SQ), 100, 200, 300, 400, 500

DELAY Number of years before policy has an effect 0 (SQ), 1, 3, 5

ANNUAL COST Annual cost of programme per household in Polish złoty (zł) 0 (SQ), 25, 50, 100, 300, 500, 800 

Note: Exchange rate: 1 Euro = 4 zł. 

Proactive personality and income

PP was measured using a 10-item scale developed by Seibert et al. (1999), a shortened version of 
the original 17-item scale introduced by Bateman and Crant (1993) (see Table 2). The scale was 
constructed from items that demonstrated the highest factor loadings in the original version. This 
10-item PP scale has shown strong psychometric properties, with reliability estimates surpassing 
those of the Big Five (openness to experience, conscientiousness, extraversion, agreeableness, neu-
roticism) personality measures (Fuller Jr & Marler, 2009; Viswesvaran & Ones, 2000). In their 
meta-analysis of PP scales, Fuller Jr & Marler (2009) found Cronbach’s alpha values for the 10-item 
PP scales across 54 samples ranged from 0.77 to 0.94, with an average of 0.86. 

Each item on the 10-item PP scale is rated on a 7-point Likert scale, where 1 indicates strong 
disagreement, and 7 indicates strong agreement with the statement. Therefore, the total scale score 
ranges from 10 to 70, reflecting the respondent’s level of PP.
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Table 2. 10-item PP scale – item formulation

Items Item formulation

Item 1 I am constantly on the lookout for new ways to improve my life.

Item 2 Wherever I have been, I have been a powerful force for constructive change.

Item 3 Nothing is more exciting than seeing my ideas turn into reality.

Item 4 If I see something I don’t like, I fix it.

Item 5 No matter what the odds, if I believe in something I will make it happen.

Item 6 Love being a champion for my ideas, even against others’ opposition.

Item 7 I excel at identifying opportunities.

Item 8 I am always looking for better ways to do things.

Item 9 If I believe in an idea, no obstacle will prevent me from making it happen.

Item 10 I can spot a good opportunity long before others can.

Source: (Seibert et al., 1999).

As one of the indicators of higher purchasing power may be a higher income, we also gathered 
this information in our survey. We asked the respondents to state their individual monthly net income 
(i.e., ‘take-home pay’ after taxes). Respondents were required to include their earnings, bonuses, 
awards, allowances, income from side jobs or temporary work, pensions, and social welfare provi-
sions such as child benefits. Regarding irregular income streams, we asked respondents to calculate 
average monthly income based on the past three months.

Sample and data collection

The study sample consisted of urban residents, as they are the most affected by air pollution in 
Poland. Respondents were selected from four major Polish cities: Gdańsk, Katowice, Łódź, and 
Wrocław. The inhabitants of these cities share a similar average income level. Gdańsk and Wrocław 
have experienced lower air pollution levels than the average for Polish cities in recent years, while 
Katowice and Łódź have faced above-average pollution levels. The sampling procedure employed was 
quota sampling, ensuring representation regarding gender, age, and education level among the urban 
population in Poland.

The survey was conducted online by a professional polling agency in December 2021 and January 
2022. A total of 1,139 completed questionnaires were collected. In the final sample, the respondents 
had a median age of 44 years. For comparison, the median age in urban areas of Poland was 45 for 
women and 41 for men in 2020 (GUS, 2023). Of the respondents, 52% were women, which is slightly 
below the overall proportion of women in the Polish urban population by about one percentage point 
(GUS, 2023). In terms of education, individuals with a higher level of education were overrepresented 
in the sample, comprising 51% of respondents compared to the national level of 40% (GUS, 2022). 
This slight overrepresentation does not pose a problem for the objectives of our study. Our aim is to 
examine how PP influences preferences for an environmental program, rather than conducting a CBA 
that would require WTP estimates from a representative sample. Therefore, for our purposes, it suf-
fices that the sample includes respondents with varying levels of PP, and achieving complete repre-
sentativeness is not a primary concern. Regarding individual welfare, the mean net individual income 
of the respondents was 4,700 zł (approximately 1,100 Euros), which is about 15% higher than the 
national average net individual income (GUS, 2022). The median income reported was 3,500 zł 
(approximately 800 Euros).
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Econometric approach

Figure 2. The general framework of the model

We employed the HLCM to make a joint analysis of stated preference data and answers to attitu-
dinal questions (Ben-Akiva et al., 2002). HLCM combines a latent class framework with the latent 
variables model. This approach allows us to identify a set of distinct preference profiles and then link 
them with the PP of the respondent. By acknowledging the latent character of attitudinal variables, 
HLCM avoids direct inclusion of responses to personality-related questions and a connected meas-
urement bias (Budziński & Czajkowski, 2018). Latent class models are useful in the context of impor-
tant social issues as they facilitate the interpretation and policy-related implementation of results. 
Our model consists of a choice model based on the random utility framework (McFadden, 1972) and 
measurement equations linking questionnaire items to a latent personality characteristic. The gen-
eral framework of the model is presented in Figure 2. 

The latent class part of the model groups individuals who have similar preferences and choice 
patterns into discrete segments. The class assignment is treated as an unobserved categorical varia-
ble, although it is assumed that every respondent belongs to a single class with a given preference 
profile. The specific number of classes is determined based on the model fit to data and the interpret-
ability of the results. In the first component of our model, we assume that the probability of respond-
ent , who belongs to class c, choosing alternative  in choice occasion is: 

 

𝑃𝑃(𝑦𝑦𝑖𝑖𝑖𝑖  =  𝑗𝑗|𝐶𝐶𝑖𝑖 =  𝑐𝑐) =  
exp(𝛽𝛽0

𝑐𝑐𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆 + 𝛽𝛽1

𝑐𝑐𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖)
∑ exp(𝛽𝛽0

𝑐𝑐𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆 +  𝛽𝛽1

𝑐𝑐𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖)
 , (1) 

 
where 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖

𝑆𝑆𝑆𝑆 is an alternative-specific constant for SQ, 𝛽𝛽0
𝑐𝑐  and 𝛽𝛽1

𝑐𝑐  denote class-specific taste 
parameters, 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 is a vector of alternative-specific attributes described in the previous section.  

 
The probability in (1) is a standard multinomial logit formula based on the random utility 

framework. Of course, the 𝐶𝐶𝑖𝑖  variable is unobserved. As such, we do not know to which class the 
given respondent belongs. To account for this uncertainty in the model, we have to formulate the 
distribution of 𝐶𝐶𝑖𝑖  and then estimate it. We employ the standard approach of modelling the 
probability of belonging to a given class with the multinomial logit formula: 

 
𝑃𝑃(𝐶𝐶𝑖𝑖 =  𝑐𝑐|𝐿𝐿𝐿𝐿𝑖𝑖) =  exp(𝛼𝛼0

𝑐𝑐 + 𝛼𝛼1
𝑐𝑐 𝐼𝐼𝐼𝐼𝐼𝐼 + 𝛼𝛼2

𝑐𝑐 𝐿𝐿𝐿𝐿𝑖𝑖)
∑ exp(𝛼𝛼0

𝑙𝑙 + 𝛼𝛼1
𝑙𝑙  𝐼𝐼𝐼𝐼𝐼𝐼 +  𝛼𝛼2

𝑙𝑙  𝐿𝐿𝐿𝐿𝑖𝑖)
. (2) 

 
The class probability is a function of income (INC) and the unobserved latent variable, 𝐿𝐿𝐿𝐿𝑖𝑖 , such 

as a PP. We set the parameters of the last class (𝐶𝐶𝑖𝑖 =  𝐶𝐶) to 0 for identification purposes. This allows 
us to specify the unconditional (with respect to 𝐶𝐶𝑖𝑖) probability of a respondent’s choices as:  

 

𝑃𝑃(𝒚𝒚𝑖𝑖 |𝐿𝐿𝐿𝐿𝑖𝑖) = ∑ 𝑃𝑃(𝐶𝐶𝑖𝑖  =  𝑐𝑐|𝐿𝐿𝑉𝑉𝑖𝑖) [∏ 𝑃𝑃(𝑦𝑦𝑖𝑖𝑖𝑖 |𝐶𝐶𝑖𝑖  =  𝑐𝑐)
𝑇𝑇

𝑡𝑡=1
]

𝐶𝐶

𝑐𝑐=1
 . (3) 

 
Latent psychological factors cannot be measured directly; however, based on theoretical 

considerations, they are expected to impact a set of directly measurable variables (Hurtubia et al., 
2014). The second component of our model is a set of measurement equations describing the 
relation between latent psychological factors and response items from the utilised psychological 
scale. We estimate ordered probit models for each of the ten questionnaire items: 

 
𝐼𝐼𝑚𝑚𝑚̌𝑚  = 𝛾𝛾𝑚𝑚𝐿𝐿𝐿𝐿𝑖𝑖  +  𝜁𝜁𝑖𝑖𝑖𝑖 , (4) 

 
where 𝜁𝜁𝑖𝑖𝑖𝑖 ~ 𝑁𝑁(0,1) denotes a measurement error, and 𝛾𝛾𝑚𝑚 is a coefficient indicating the effect of 
latent variables on the given questionnaire item.  

 
Additionally, we estimate six threshold parameters (𝑡𝑡1

𝑚𝑚 − 𝑡𝑡6
𝑚𝑚), which are used to translate the 

values of the continuous, unobserved variable, 𝐼𝐼𝑚𝑚𝑚̌𝑚 , to the observed, ordinal 𝐼𝐼𝑚𝑚𝑚𝑚 , as usual in the 
ordered probit models. This leads to the probability of choosing k-th response in the m-th question: 
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𝑃𝑃(𝑦𝑦𝑖𝑖𝑖𝑖  =  𝑗𝑗|𝐶𝐶𝑖𝑖 =  𝑐𝑐) =  
exp(𝛽𝛽0

𝑐𝑐𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆 + 𝛽𝛽1

𝑐𝑐𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖)
∑ exp(𝛽𝛽0

𝑐𝑐𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆 +  𝛽𝛽1

𝑐𝑐𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖)
 , (1) 

 
where 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖

𝑆𝑆𝑆𝑆 is an alternative-specific constant for SQ, 𝛽𝛽0
𝑐𝑐  and 𝛽𝛽1

𝑐𝑐  denote class-specific taste 
parameters, 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 is a vector of alternative-specific attributes described in the previous section.  

 
The probability in (1) is a standard multinomial logit formula based on the random utility 
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𝑐𝑐 + 𝛼𝛼1
𝑐𝑐 𝐼𝐼𝐼𝐼𝐼𝐼 + 𝛼𝛼2

𝑐𝑐 𝐿𝐿𝐿𝐿𝑖𝑖)
∑ exp(𝛼𝛼0

𝑙𝑙 + 𝛼𝛼1
𝑙𝑙  𝐼𝐼𝐼𝐼𝐼𝐼 +  𝛼𝛼2

𝑙𝑙  𝐿𝐿𝐿𝐿𝑖𝑖)
. (2) 
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𝑇𝑇

𝑡𝑡=1
]

𝐶𝐶

𝑐𝑐=1
 . (3) 

 
Latent psychological factors cannot be measured directly; however, based on theoretical 

considerations, they are expected to impact a set of directly measurable variables (Hurtubia et al., 
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𝑚𝑚 − 𝑡𝑡6
𝑚𝑚), which are used to translate the 
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) . (7) 

 
As the latent variable is unobserved, we need to assume a specific distribution for it, and for 

this purpose we utilize the standard normal distribution. Combining equations (3), (5), and (7) then 
leads to the unconditional likelihood function in the form of an integral: 
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As such, the HLCM model is estimated in a single step, combining choice and attitudinal data in 

the unified framework. We used a simulated maximum likelihood estimator to approximate the 
integral in (8), with 2,000 Sobol draws (using random linear scramble and random digital shift).  
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Results of the research

In Table 3, we report the models’ diagnostics for HLCMs with up to six classes. Even though the 
models with 5 and 6 classes better fit data than those with 4 classes, we decided to focus on the latter. 
This is because, for the models with a larger number of classes, we obtain a very low probability of 
belonging to some of the classes (about 5%), which may make it difficult to calculate precise estima-
tions of the coefficients within those classes. 
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Table 3. Goodness of fit criteria for models with different numbers of classes

Number of classes

Model diagnostics 2 3 4 5 6

LL at convergence -23,006.432 -22,244.503 -22,035.951 -21,943.480 -21,756.475

AIC/N 5.069 4.903 4.859 4.841 4.801

BIC/N 5.136 4.977 4.939 4.926 4.893

No. of respondents (N) 1139 1139 1139 1139 1139

No. of parameters 86 94 102 110 118

In Table 4 we present the latent class component of the HLCM with four distinct classes. The 
results indicate that 47% of the respondents fit into class 2, 33% into class 3, 11% into class 1, and 
the remaining 9% belong to class 4. 

Table 4. Latent class component of the HLCM

Class 1
 (11%)

Class 2
(47%)

Class 3
(33%)

Class 4
(9%)

var. coef. st.err. coef. st.err. coef. st.err. coef. st.err.

ASCSQ 2.50 *** 0.33 -3.77 *** 0.16 -2.39 *** 0.16 -3.50 *** 0.38

Mortality 0.07 0.07 0.20 *** 0.02 0.26 *** 0.02 0.21 *** 0.07

Morbidity 0.14 0.09 0.17 *** 0.05 0.32 *** 0.03 0.21 *** 0.10

Delay -0.05 0.07 -0.09 *** 0.02 -0.08 *** 0.01 -0.15 *** 0.07

-Cost /100 0.20 *** 0.05 0.75 *** 0.03 0.09 *** 0.02 5.41 *** 0.46

Class assignment parameters

Constant 0.60 ** 0.30 1.54 *** 0.22 1.16 *** 0.22

Base casePP 0.41 ** 0.18 0.06  0.15 0.38 *** 0.15

Income -0.11  0.07 0.03  0.04 0.04  0.04

Note: *** and ** stand for significance at 1% and 5% levels respectively. 

The existing taste heterogeneity of respondents is evident when we compare the coefficients 
among the four classes. The Cost coefficient has the expected positive sign in all four classes, implying 
that respondents’ utility decreases when the cost of the air pollution reduction programme increases, 
which is in line with economic theory. Respondents in classes 2, 3, and 4 would be better off if air 
improvement programme measures were implemented (significant and negative coefficient of ASCSQ), 
but at different costs. For non-monetary attributes, class 3 is characterized by the highest marginal 
utility from reducing health risks associated with improved air quality, whereas respondents in class 
4 assign the highest disutility to the delay in project implementation. At the same time, respondents 
in class 4 demonstrate the highest sensitivity to the cost attribute. In contrast, respondents in class 3, 
which is one of the two largest classes, show the lowest sensitivity to costs, which, combined with 
high marginal utilities for risk reductions, leads to the highest WTP for the proposed changes (see Fig. 
3). In contrast, for class 1 (one of the two smallest classes), non-cost attributes of the air pollution 
mitigation programmes are not significant. Additionally, both the ASCSQ and -Cost coefficients are 
positive and significant. This implies that respondents in class 1 are willing to pay to ensure that the 
proposed air protection programmes are not implemented.
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Figure 3. Mean WTP per individual in Euro per year for changes in attribute levels
Note: We report only significant WTP. Exchange rate: 1 Euro = 4 zł. 

Regarding the main objective of our study, i.e. to what extent individuals’ preferences towards 
public programmes concerning air pollution reduction are driven by PP, we checked whether the 
probability of belonging to classes can be explained by the respondents’ PP (the latent construct – see 
section 3, eq. 2 and eq. 3) and their income. In this case, class 4 was the reference level (base case). 
Respondents in class 4, compared with classes 2 and 3, are the least willing to pay for reductions in 
mortality and morbidity risks and derive the highest disutility from waiting for programme outcomes 
to take place. Considering the values and significance of  coefficients in these three groups, we observe 
that the probability of choosing the SQ option is highest among respondents in class 4 and lowest 
among those in class 3.

The results indicate (see Table 4) that as PP increases, the probability of belonging to class 1 and 
class 3 increases. The results for class 3 align with our expectations: higher proactivity among 
respondents leads to a greater willingness to support public investments aimed at improving air 
quality in Polish cities and an increased WTP for the proposed changes. However, the impact of pro-
activity on the probability of belonging to class 1 is less straightforward. Respondents in this class are 
actually willing to pay to prevent the implementation of public investments in air quality improve-
ment. This may be because these proactive individuals prefer to take care of their personal health 
independently rather than by relying on public programmes. They may already be taking their own 
particular measures to protect themselves, at least partially, from air pollution.

Because the indicators (from the PP 10-item scale) were measured on an ordinal scale, we uti-
lised an ordered probit specification for these measurement equations. Higher values for items from 
the PP 10-item scale were associated with an increased probability of giving a strong agreement 
response to the statements. The measurement equations (see Table 5) show that the LV captures the 
personality trait of PP. All coefficients next to the LV are significant and positive for all items, ranging 
in value from 0.94 (Item 3: “Nothing is more exciting than seeing my ideas turn into reality”) to 1.50 
(Item 7: “I excel at identifying opportunities”). 

We also examined class membership in relation to the individual net income of respondents. 
According to Seibert et al. (1999, 2001), the more proactive individuals tend to have higher earnings. 
This result held true even after controlling for a large set of variables known to influence career suc-
cess (Seibert et al., 1999). In their longitudinal study on career success, Seibert et al. (2001) found 
that individuals high in PP engage more actively in behaviours leading to salary progression. Our 
findings support the positive relationship between PP and income (see Table 6). However, in our 
HLCM model, individual net income did not impact the probability of being assigned to specific 
classes (see Table 4). Therefore, our results suggest a direct effect of PP on the heterogeneity of pref-
erences for public air quality improvement programmes in Polish cities, with no indirect effect of PP 
through income.
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Table 5. Measurement equation component: the effect of LV on items from the PP scale

Item coef. st.err.

Item 1 1.15 *** 0.05

Item 2 1.44 *** 0.06

Item 3 0.94 *** 0.05

Item 4 1.04 *** 0.05

Item 5 1.22 *** 0.06

Item 6 1.06 *** 0.05

Item 7 1.50 *** 0.06

Item 8 1.33 *** 0.06

Item 9 1.23 *** 0.06

Item 10 1.25 *** 0.06

Table 6. Measurement equation component: the influence of PP on the logarithm of income (linear regression)

var. coef. st.err.

Const. 1.26 *** 0.02

PP 0.19 *** 0.02

σ (log) -0.37 *** 0.02

Note: *** stands for significance at the 1% level.

To ensure the robustness of our analysis, we ran an additional HLCM model utilising a 6-item 
version of the PP scale (items from 4 to 9 as denoted in Table 2). This shorter version of the scale is 
sometimes recommended to reduce participant burden and lower survey fatigue, while still showing 
good internal consistency (Teye-Kwadjo & de Bruin, 2022). We found no significant differences when 
compared with the results reported in Table 4. 

Conclusions and discussion 

Studying the heterogeneity in the valuation of benefits from improved environmental quality 
contributes to a better understanding of the factors influencing individual preferences. This, in turn, 
aids in better aligning tools that support the implementation of proposed public programmes. While 
many studies focus on how attitudes and social norms shape environmental preferences (e.g.: 
Bartczak et al., 2025; Faccioli et al., 2020; Grilli & Notaro, 2019), there is still relatively little research 
exploring the influence of personality traits. 

Our study is an empirical investigation of the relationship between PP and individuals’ income, as 
well as the public support for and valuation of benefits derived from an air quality improvement 
program. Based on the existing literature, our expectations in this regard were relatively straightfor-
ward: we anticipated that more proactive individuals would exhibit stronger support for the change 
process, as manifested through the implementation of a public air quality protection program in 
Poland. For decades, excessive air pollution, particularly from PM, has been a major issue in the coun-
try. This concern is highlighted by the fact that air pollution has been associated with around 8% of 
all deaths in Poland in 2022 (EEA, 2023a; GUS, 2023).

To obtain the data for our analysis, we applied the CE, the most prominent method of preference 
elicitation in non-market goods valuation. CE allows for the consideration of multiple dimensions of 
public good and the evaluation of the effect that different policy outcomes have on welfare (Holmes 
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et al., 2017). We paid particular attention to the impact of PP on the choice of the SQ option. CE stud-
ies recommend the inclusion of a SQ alternative that describes the current situation, along with at 
least one hypothetical scenario of environmental change in the choice sets (Johnston et al., 2017). 
The SQ option serves as a familiar reference point, which allows us to demonstrate the extent of the 
proposed changes. If respondents are rational and believe that the proposed environmental pro-
grammes can be implemented, then the choice of the SQ should reflect the lack of support for the 
proposed changes in reality.

To investigate the heterogeneity of preferences regarding the air quality improvement programs, 
we estimated the HLCM with class assignment conditional on an individual’s PP level and income, 
which we assumed could mediate the impact of PP. We treated personality as a latent construct 
inferred from responses to the items of a psychometrically validated PP scale (Seibert et al., 1999). 
The applied model distinguished four classes of respondents, of which three (accounting for 90% of 
respondents) revealed strong preferences for introducing air pollution mitigation programmes.

In light of our empirical results, the relationship between PP and support for environmental pro-
grams appears less clear-cut. Higher PP increased the probability that respondents belonged to two 
of the four classes. Those two classes differed substantially in the choice patterns exhibited by 
respondents. As expected, the former class was characterised by a strong preference for leaving the 
SQ and implementing pro-environmental programs. Additionally, this group revealed the highest 
WTP for reducing mortality and morbidity due to air pollution, as well as the highest WTP for decreas-
ing the temporal distance to the policy outcomes. 

On the contrary, respondents grouped in the other class exhibited a pattern of responses indicat-
ing a preference for maintaining the SQ, and they did not appear to be sensitive to changes in health 
risk caused by the air quality improvement. At the same time, they were sensitive to the financial 
burden of the proposed solutions, suggesting that this class cannot be treated as a so-called garbage 
class that collects random choices (Jonker, 2022). This unexpected influence of PP on the choice of SQ 
may stem from differences in how proactive behaviours are directed. While proactive individuals 
frequently engage in organisational citizenship behaviours (Bergeron et al., 2014; Li et al., 2010), 
their actions can also be shaped by varying levels of affective commitment, which at times leads them 
to pursue self-interested goals (Belschak & Den Hartog, 2010). 

Another factor that may help explain these results is individuals’ trust in public institutions and 
programs. Research on non-market valuation indicates that people with lower trust in these institu-
tions tend to have lower WTP for proposed changes, which can be linked with a more frequent choice 
of the SQ in presented choice-sets (Zambrano‐Monserrate, 2024). Therefore, individuals who are 
more proactive but have less trust in public institutions may be more inclined to rely on private pre-
ventive measures to counteract the adverse effects of air pollution. However, our study did not collect 
information regarding respondents’ trust in public institutions or their preventive behaviours, which 
limits our ability to verify this hypothesis.

The results concerning respondents’ income indicate that, consistent with existing literature, 
more proactive individuals tend to have higher incomes. However, income alone did not significantly 
affect class membership and, consequently, the heterogeneity of preferences. This suggests that PP, 
rather than financial capacity, is the main driver of the observed variation in preferences. This finding 
further emphasises the importance of incorporating psychological variables into econometric  
models.

 Future research on non-market valuation could delve deeper into the relationship between PP 
and prosocial behaviour. For instance, it might be useful to gather and analyse additional data on 
individuals’ involvement in civic and environmental activities. Existing literature indicates a connec-
tion between positive engagement in pro-environmental actions and individuals’ willingness to pay 
(WTP) for environmental improvements (Sokołowski, 2024). Furthermore, based on the obtained 
results, it could be interesting to investigate the relationship between proactivity and trust in the 
institutions responsible for implementing environmental policies. Future studies could explore how 
different combinations of these two factors affect individuals’ preferences. Additionally, it would be 
valuable to assess whether individuals with lower levels of trust and higher levels of proactivity tend 
to spend more on preventive actions concerning themselves.
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WPŁYW PROAKTYWNEJ OSOBOWOŚCI  
NA PREFERENCJE DOTYCZĄCE PROGRAMÓW  
REDUKCJI ZANIECZYSZCZENIA POWIETRZA

STRESZCZENIE: W niniejszym badaniu analizujemy, w jaki sposób proaktywna osobowość i dochody respondentów 
wpływają na preferencje dotyczące programów ograniczania zanieczyszczenia powietrza w miastach w Polsce. W tym 
celu przeprowadziliśmy badanie wyboru eksperymantalnego, mające na celu ujawnienie preferencji dotyczących poprawy 
jakości powietrza, wykorzystaliśmy sprawdzoną skalę psychometryczną do pomiaru proaktywności oraz zebraliśmy 
informacje na temat indywidualnych dochodów. Do analizy danych wykorzystaliśmy hybrydowy model klas ukrytych, 
który uwzględnia heterogeniczność preferencji. Model zidentyfikował cztery odrębne klasy respondentów: trzy klasy 
popierały inwestycje publiczne dotyczące ograniczania zanieczyszczenia powietrza, a jedna preferowała utrzymanie 
obecnej sytuacji. Nasze wyniki wskazują, że proaktywna osobowość znacznie zwiększała prawdopodobieństwo przyna-
leżności do klasy, która wykazywała najsilniejsze poparcie dla poprawy jakości powietrza i miała największą gotowość do 
zapłaty za proponowane zmiany. Interesujące jest iż zwiększała ona również prawdopodobieństwo przynależności do 
klasy, która preferowała utrzymanie status quo. Indywidualny dochód nie miał bezpośredniego wpływu na wyjaśnienie 
heterogeniczności preferencji, ale był pozytywnie skorelowany z proaktywnością. 

SŁOWA KLUCZOWE: zanieczyszczenie powietrza, wybór eksperymentalny, hybrydowy model klas ukrytych, proak-
tywna osobowość, status quo


