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In this article, we explore individuals’ pro-environmental innovative behavior (PEIB) as one of the conditions for developing more sustainable cities. We assume that energy-efficient sustainable cities are those where people behave sustainably. Hence, studying the conditions of human behavior is essential for understanding the transformation of cities. We focused on individual antecedents of pro-environmental innovative behavior with a survey conducted in five European countries and a sample of 2502 participants. Descriptive and correlation statistical analyses confirm a moderate relationship between environmental awareness and environmental action. Based on this rudimentary analysis, we suggest further research on city energy transformation, including multiple aspects of individual behavior.
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1 INTRODUCTION
The transformation of cities toward more energy-efficient sustainable systems requires a constant exchange of knowledge about the capacities and behaviors of all engaged actors. Apart from technological advancements, industries must adapt to environmental and societal changes. Hence, sustainable transformation needs to parallel the sustainable development of society, with the decisions and policies adopted needing to simultaneously consider the energy system’s industrial and societal implications.
Yet, understanding the conditions of social development might foster or undermine sustainable energy transformation of cities. Among societal challenges that enhance energy transition, we find new technologies, institutions cooperating with the innovative private sector, and public policies that merge these three elements to sustain the change (Henderson and Newell 2010). The UN Sustainable Development Goals Report 2022 focuses on other issues, including the necessity of reducing the number of slum dwellers, solid waste problems, and air pollution (UN 2022). At the same time, some studies show that sustainable cities seem to exist primarily in economically developed countries (Arcadis 2022).
We still lack sufficient knowledge on the driving forces of integration and the development of cities. Some researchers (Hoppe and De Vries 2019; Dall-Orsoletta et al., 2022) point out that social innovations are the purpose of development and contribute to low-carbon energy transitions, civic empowerment, and social goals that benefit a sustainable future. These shortages include the gaps in societies’ inclination toward innovativeness and the level of impact of behaviors of individuals and norms on social institutions.
From an individual’s point of view, it is essential to know what psychological traits can lead to environmental innovations and citizen behavior oriented towards sustainability. In this paper, we seek to identify the individual antecedents to Pro-environmental Innovative Behavior (PEIB) by showing the links between pro-innovative behavior, environmental awareness, and, ultimately, environmental actions. In developing the PEIB theoretical model, we aim to demonstrate the importance of psychosocial traits in predicting and shaping individuals’ attitudes to environmental awareness and pro-environmental behaviors, which academics, policymakers, and practitioners can use to drive sustainable behavior change in populations across Europe and beyond.
We approach the problem of sustainable transformation of energy systems through a lens centered on the behavior of individuals (Stephens 2019). We aim to contribute to the debate on conditions of sustainable transformation by showing evidence of how individual innovative behaviors impact pro-environmental actions. We explore this by correlating awareness, daily habits, and other antecedents of innovativeness within the field of environmental actions.
According to research psychological aspects are crucial for conceptualizing pro-environmental behaviors (Kurisu 2015), however the number of these factors have not been tested widely. Some studies seek to understand people’s perceptions of environmental actions and behaviors (such as recycling, energy, and pollution) (Morgil et al., 2004). Whilst only recently, the issue of everyday practices in terms of daily habits in energy consumption has been gaining increasing attention from scholars (Butler et al., 2016; Matsumoto 2019; Delina 2022).
In doing so, we developed a model of PEIB, tested with 2502 participants across Europe, including Greece, Poland, Portugal, Sweden, and the United Kingdom. As will be demonstrated later in the paper, this model can explain why people are more likely to engage in pro-environmental actions.
We focused our research on innovativeness and innovative behavior, which we defined as coming up with new ideas and working to implement them through individual actions in the private sphere (Seibart et al., 2012). Scholars across disciplines highlighted the same attitudes and cognitive abilities as key antecedents to innovative behavior. Indeed, a growing body of literature explores eco-innovation and environmental awareness linkages at the organizational and managerial levels. The research shows the importance of environmental awareness and leadership in actively shaping innovative '''green behaviors in organizations” (Su et al., 2020; Yang and Liu, 2021) and the role that risk and cost-benefit approaches play in shaping this (Peng and Liu, 2016). However, there remains a paucity of research centered on how this interplay occurs at the individual, psychosocial level.
Moreover, some researchers (i.e., Frese 2008) suggest that a more current view of individuals in the innovation process should be taken. Virkkunen (2006) proposes the concept of transformative agency with individuals as active agents who question the status quo and take the initiative to change it. Haapasaari et al. (2017) found that individual innovation efforts need a transformative agency to bring their ideas into successful innovations. Individual innovators are those who are willing (motivated to act) and capable of being (cognitive ability and personality characteristics) innovative (Anderson et al., 2004). Prior research has referred to individual innovative outcomes as the ability to develop new ideas and implement them, with personality factors such as attitudes and cognitive skills influencing behavior, including individual innovative behavior (Ahuja et al., 2008).
In relation to the antecedents of innovation, research has identified several individual key characteristics that can drive innovation across a variety of different sectors (not just eco-focused), including risk-taking propensity, external environment, and proactiveness (Zhang and Ma, 2019); and self-starting behavior, proactivity, and persistence (Frese et al., 1997).
In identifying the research gap, we posed the following research question: What are the main determinants of pro-innovative behavior in the context of environmental innovation? This paper focuses specifically on the role of individuals in relation to the creation and implementation of environmental innovations as social change. On this basis, it is explained how individuals can act as innovators and devise innovative techniques/solutions to environmental problems upon their social cognitive frame and their processing of external information/stimuli.
2 THE PEIB MODEL
For the study, we have used a model in which a composite of four antecedents of pro-innovative behavior was correlated with daily habits (Figure 1).
[image: Figure 1]FIGURE 1 | PEIB Hypotheses model
In understanding pro-innovative behaviors, risk-taking propensity, proactiveness, and self-starting behavior (termed here as creativity) have all been shown to be key antecedent characteristics (Frese et al., 1997; Zhang and Ma, 2019). Indeed, risk-taking propensity has been closely linked in prior research with innovation and innovative behaviors (Amabile, 1996; Cropley, 2002; Miron et al., 2004); whilst proactivity in individuals has also been shown to be linked to pro-innovative behaviors (Bateman and Crant, 1993; Frohman, 1997; Parker et al., 2006). Finally, creativity acts as a critical cornerstone for innovation and new behaviors amongst individuals, with research demonstrating transparent positive relationships between creativity and innovation, with the former acting as a precursor to the latter (Amabile, Fisher, 2000; Miron et al., 2004; Hammond et al., 2011).
However, as PEIB is concerned explicitly with such innovative behaviors in order to develop pro-environmental behaviors and actions, there is also a need to understand environmental innovation and awareness. In doing so, this paper therefore shows a link between pro-innovative behaviors and environmental awareness. We test it to identify causal links between these social cognitive traits and actual environmental actions on the ground.
We formulated and operationalized four hypotheses:
Hypotheses 1 = Creativity will be positively correlated to Environmental Awareness.H2 = Risk-taking Propensity will be positively correlated to Environmental Awareness.H3 = Proactive Coping will be positively correlated to Environmental Awareness.H4 = Environmental Awareness will be positively correlated to Environmental Action.Within this framework, we applied a survey to a random sample to answer the research question and test the hypotheses.
3 MATERIALS AND METHODS
We have used the survey data collected using Computer Assisted Website Interview (CAWI), an internet-based survey technique with regard to pro-innovative behavior to answer the following question: What are the main determinants of pro-environmental innovative behavior (PEIB) in the context of environmental innovations? The survey was implemented in July 2020 in five European countries–Greece, Poland, Portugal, Sweden, and the United Kingdom. The sample size was N = 2503 respondents (approximately N = 500 interviews per country) aged 18–45 years old. The survey sampling design was based on a random sample scheme stratified by gender, age, and size of place of residence. The choice of the five countries was deliberately made to show the geographical, cultural and national variations across Europe. After the data collection was completed, we used the SPSS (v.23) software for the analysis.
We performed a reliability analysis (Cronbach’s Alpha and Guttman’s Lambda) for each set of items referring to a latent construct. The preliminary statistical analysis involved frequency distributions and conditional frequency distributions by gender, age, and domicile.
To observe the potential relationship among the scales, a correlation analysis was performed for the five dimensions. The level of significance was set to 0,01.
3.1 Measurement scales
We used five scales n the study: Environmental Awareness, Creativity, Pro-active Coping, Risk-taking Propensity, and Daily Habits (as a proxy for Environmental Action):
Morgil et al.'s (2004) Environmental Awareness Scale, which explores 13 items of perceptions in relation to recycling, energy usage and pollution (Morgil et al., 2004). This is a set of 20 statements, where the participants chose between a 5-level Likert scale of agreement.
Kaufman Domains of Creativity Scale (K-DOCS), which uses a self-report, behavior-based scale that measures everyday creativity, using five factors: self/everyday, scholarly, performance, mechanical/scientific and artistic (Kaufman, 2012). The questionnaire utilized 11 statements with a 4-level Likert scale.
Schwarzer and Jerusalem (1995) General Self-efficacy scale. It is a group of 14 statements, where the participants chose between a 4-level Likert scale of agreement based on their beliefs.
the General Risk Propensity Scale (Zhang et al., 2018) which provides a short self-report measure of general risk propensity. The 8-statement measurement utilized 5-level Likert scale.
Defra’s attitudes and behaviors surveys (2008, 2009), for environmental action. The 16-item scale with a 5-level Likert scale, was categorized based on set of goals and behavioral areas, such as consumption, food and drink, household, and travel (Thornton 2009, Markle 2013).
3.2 Participants
The participants represented equally five countries: 500 Greece, Poland and the United Kingdom (N = 500 each), and Portugal and Sweden (N = 501 each). This collection of nations provides an idea of the European variety, ranging from Northern and richer countries to Central-Eastern and Southern ones with lower GDP, expressed in current international dollars converted by purchasing power parity (PPP) conversion factor (World Bank, 2022). The number of respondents enabled to gain a 4–5% error margin, which is acceptable for the study of this kind. Males and females were represented almost equally, with percentages of 50,4% and 49,6% respectively. The age of the participants ranged from 18 to 45 years old and the age band with the highest contribution was from 36 to 45 years, with 39,2%.
The sampling method for CAWI was based on the selection of individuals to mirror each country’s socio-demography in terms of gender, age (between 18–45), educational level (primary education, secondary education, technical/vocational, university degree, PhD or more) and place of residence (farm or home in the country, country village, town or small city, suburbs or outskirts of a big city, big city). These three demographic factors reflect the sociodemographics division in this age group, which was our focus in the project due to educational reasons. This age group is mostly represented by students at the universityThe survey research was carried out by the KANTAR international research agency. The total sample consisting of 2502 (100%) was included into the analysis. The generalization of the results focused on the population of people aged 18–45, so it takes into account the socio-economic categories of the participants, which were subordinated to the goals of the survey.
4 RESULTS
4.1 Descriptive statistical analysis
4.1.1 Environmental Awareness
The highest mean scores are observed for the opinions supporting that humans are seriously abusing the environment (4,21), that energy-saving light bulbs should be used even though they are expensive (4,10). Also, the statement concerning chemical waste units in the research foundations (4,01), and the belief that small, individual actions make a difference in protecting the environment (4,01) had high values (meaning “strongly agree” answers).
4.1.2 Creativity
For almost all statements, the respondents claimed that they were “more creative” than an average person of approximately their age and life experience, as the mode of ten out of eleven variables is 4. The highest mean is observed for the creativity of the participants in choosing the best solution to a problem (3,65), helping other people cope with a difficult situation (3,60), and teaching someone how to do something (3,59).
4.1.3 Proactive coping
The sample seems to be positive for almost all statements as the mode is 3 (moderately true) for 13 items. The highest mean is observed for: the initiative to solve a problem when experiencing one (3,05), pointing out the need to succeed (3,04), and visualization of dreams in an attempt to achieve it.
4.1.4 Risk-taking propensity
Almost all statements referring to the level of agreement on risk-taking have a mode of 3, representing the neutral attitude of the participants in risk-taking. The exception is for the statement referring to the belief in taking chances, where the mode is 4, and the mean score is the highest (3,59).
4.1.5 Environment Actions (Daily habits)
There is a significant variance in the answers on daily habits. Participants primarily stated that in the month preceding, they had turned off the lights when no one was in the room (4,10), taken my shopping bag when shopping (4,05), turned off the tap while brushing their teeth (4,01), and separated most of my waste for recycling for environmental reasons (3,90). The lowest scores were observed for buying organic food (2,91) and choosing vegetarian products over meat products for environmental reasons (2,86).
4.2 Correlation analysis
Correlation analysis among the five scales was promoted in order to search for the potential interconnection and relationship among them.
Table 1 presents the internal consistency coefficients Cronbach’s alpha and Guttman’s Lambda for the variables of each scale. The scores of both Cronbach’s alpha and Guttman’s Lambda for all four scales are considered high, indicating very good internal consistency. Cronbach-a ranged between 0.805 and 0.916, and Guttman’s Lambda (G6) ranged between 0.820–0.910. These results allow the grouping of the variables of each scale into the relevant dimensions.
TABLE 1 | Internal consistency of scales.
[image: Table 1]After the grouping, a correlation analysis was performed for the five dimensions to observe potential relationships among them. All correlation coefficients are positive and statistically significant at the level of 0,01. The strongest correlation is observed between the Creativity and Proactive Coping Dimensions (r = 0.487, p < 0,01) as well as between Environmental Awareness and Daily Habits (Environmental action) (r = 0.451, p < 0,01). Moreover, the weakest relationship is between Environmental Awareness Dimension and Risk-taking Dimension (r = 0.059, p < 0,01).
The other correlations obtained indicate the absence of influence among these dimensions. The Environmental Awareness Dimension is correlated positively with Creativity Dimension, and the correlation is moderate (r = 0.277, p < 0,01), the same as the correlation between Proactive Coping and Risk-taking (r = 0.350, p < 0,01). The correlation coefficients between Risk-taking and Creativity (r = 0.191, p < 0,01) and between Proactive Coping and Environmental Awareness (r = 0.211, p < 0,01) indicate a positive and relatively weak relationship.
4.3 Discussion of the results
The aim of this study has been to identify individual antecedents of pro-environmental innovative behavior (PEIB). The results presented in the study have shown the individual characteristics that can lead to environmental innovation and positive pro-environmental behavior. All four hypotheses have been confirmed.
Since our aim was to understand pro-environmental behaviors, it is important to note especially one of the results–the relationship with environmental awareness with other antecedents within the model. The results of the frequencies and mean scores of these two sets of variables are presented in Tables 2 and 3.
TABLE 2 | Daily habits (Environmental action).
[image: Table 2]TABLE 3 | Environmental awareness
[image: Table 3]In turn, an analysis of an individuals’ actions based upon environmental reasoning shows that people generally turned off the lights when no one was in the room, took their own shopping bag when shopping, turned off the tap while brushing their teeth, separated most of their waste for recycling, used less water for the environment, and turned off the heater or air conditioning when leaving a room, all for environmental reasons. This indicates that behaviors that serve as proxies for a transition to a more sustainable energy source are not the only significant elements that have the potential to impact PEIB. This finding echoes previous research on pro-environmental daily habits (Punzo et al., 2019; Ünal et al., 2018).
5 CONCLUSION
By creating a theoretical model of PEIB and testing it through empirical research in European countries, we have demonstrated the relevance of individuals’ attitudes towards environmental awareness, which influences environmental action. The verification of all four hypotheses provide support for a perspective in which socio-cognitive factors at individual level play important role in development of sustainable behavior. It seems that these factors create a vital context for development of energy-efficient sustainable cities, at least in five European countries, which have been the subject to the study.
In providing the PEIB model, we have shown the links between pro-innovative behavior, environmental awareness, and declaration of environmental action. In doing so, the findings support prior research identifying the of individual psychological factors in environmental behavior (Kurisu 2015). At the same time, our result offers a new theoretical model as to what these specific psychological factors may be. We focuse particularly on creativity and proactive coping. By aligning this to an individual’s environmental awareness and the specific environmental actions people undertake on a daily basis, the paper presents empirical evidence in support of this new theoretical approach that aligns psychological factors with the moral and cognitive functions inherent in environmental decision-making (De Groot and Steg 2008).
Due to the fact that this is a preliminary study, we highlight two points. First, the analysis was conducted at an aggregated level, and the analysis was based on descriptive statistics. Second, it did not focus on the country-level differences, which might have an impact on the overall results. That is why the analysis does not provide sufficient data for an in-depth explanation at the country level, however it provides the model of PEIB open for further investigation. The chosen survey method, which included only people actively using the Internet, is another limitation of our study. Among the other limitations is the sample we used: the age group (18–45) is not covering the total population but only the main group of people who study at the college or university level. These are areas for further research and analysis.
Our results show a moderate relationship between environmental awareness and environmental action. The literature supports our findings, whilst also drawing attention to important spheres of environmental awareness, namely information (state of knowledge about nature and ecological threats), evaluations (together with emotional involvement), and attitudes (determining motivations for action). Environmental awareness has been recognized as a motivating component in moral norms and a cognitive aspect of environmental decision-making (Hosta and Zabkar 2021). According to recent research, environmental awareness has a higher positive predictive value than other factors and can more effectively predict support for environmental protection (de Groot and Steg 2010; Pradhananga et al., 2017, Unal et al., 2018). Similarly to previous researchers (Steg et al., 2015), we state that only an integrated approach to the human aspects of a sustainable energy transition will help us understand the general factors influencing energy behaviors.
The study’s preliminary results might be used to fill the gap in future in-depth research on individual behaviors’ impact on energy transitions (Sovacool 2014). Researchers, policymakers and practitioners can use these findings to stimulate changes in pro-environmental behavior in populations across Europe and beyond, whilst at the same time having an impact on energy transformation of cities.
The desirability of using environmental policy instruments depends on the value of expected environmental behavior (Kemp and Pontoglio, 2011). To achieve the goals of environmental policy, it is necessary to bring about changes in the way people behave. The results presented here can serve as an important insight for development of environmental policy and stimulators of change.
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