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Abstract: A survey of 1206 participants investigated determinants of positive environmental 

behaviors (PEBs) in Switzerland. Based on a principle component analysis on data for 23 different 

PEBs, three behavior types were distinguished: (i) public sphere PEBs with politically mediated 

impacts; (ii) socially salient private “lighthouse” PEBs that convey a pro-environmental message; 

and (iii) less socially salient private PEBs. An environmental behavior model identified general 

environmental knowledge and attitudes as the strongest predictors of PEBs, followed by green self-

identity, justifications, assumed consequences, prescriptive social norms, gender, age, and 

perceived behavioral control (PBC), respectively. To promote sustainability-oriented behaviors and 

achieve corresponding societal and economic changes, the identified psychological factors need to 

be promoted by education and communication strategies as well as complementary measures 

ranging from policy changes to technology development and systems design. Green self-identity 

turned out to be significantly more influential for private PEBs than for public sphere PEBs, whereas 

prescriptive social norms and environmental knowledge were more important for public sphere 

PEBs. These findings indicate that promoting different types of sustainability-oriented behaviors 

may require distinct strategies. Public sphere PEBs may be enhanced well by conveying social 

practices and norms, whereas the promotion of a pro-environmental green self-identity may 

increase private sphere PEBs effectively. 

Keywords: environmental behavior; private sphere; public sphere; environmental citizenship; 

justification; green identity; behavior determinants; intervention mapping 

 

1. Introduction 

The world is currently facing a severe environmental crisis as increasing consumption, land use, 

forest degradation, desertification, and CO2 emissions change the world climate and lead to 

environmental degradation with severe economic and humanitarian consequences [1–3]. A societal 

transformation in line with sustainable development goals is therfore urgently needed on local and 

global scales to counteract climate change, environmental pollution, and the depletion of natural 

resources and safeguard the quality of life and satisfaction of the needs of current and future 

generations [4,5]. In order to be successful, such a transformation will require encompassing 

technological, economic, behavioral, value-oriented, and socio-political changes taking the form of a 
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fundamental paradigm shift leading to a society endorsing the principles of sustainability [6–9]. 

Though changes on economic and political macro-levels are required for achieving such a 

transformation, the role of people is crucial in this process [10–15]. Ultimately, individuals’ 

environmentally significant decisions and behaviors form the basis of what will be reflected on an 

aggregated level in the reorientation of political, social, economic, and consumption processes and 

technologies toward greater sustainability and environmental protection [16–18]. Individuals act 

privately, for example, as family members and as consumers; they act as members of organizations 

as agents and employees; and they act socio-politically as citizens with social, political, and 

environmental responsibilities, for example, as voters or environmental activists [19,20]. In all these 

contexts and roles, individuals can help to prevent negative environmental devlopments and 

contribute to a change of society towards a path leading to a more sustainable future with healthy 

natural and environmental systems and enduring economic prosperity that is not based on an 

exploitation of the environment but rather on a symbiotic coexistence and on synergies between 

natural systems and economic activity. Human activity and natural systems are engaged in complex 

interactions as described in theories of socio-ecological system (SES) or human environment systems 

[21,22]. Both natural systems and social systems are very heterogenous entities that possess multiple 

macro and micro levels that can be ordered on scales with interrelated functional units [23]. So, for 

example, human society can be thought as consisting of human systems ranging in their scale from 

individuals over families and groups, to communities and national entities with economic, 

educational, scientific, social, and further subsystems [24]. Multi- and transdisciplinary research 

efforts involving all branches of science are required to improve our understanding of SES and 

generate solutions that allow socio-technological and behavioral transformations towards more 

sustainable societies and economies [25]. However, a disciplinary perspective may sometimes be 

helpful to decrease complexity and generate information that can be fed afterwards into more 

transdisciplinary scientific, technological, and socio-political problem-solving processes. In line with 

the latter reasoning, this study will take a primarily psychological perspective on sustainability and 

human behavior. An important aim of sustainability-oriented psychological research is to increase 

our understanding of processes leading to responsible environmental behaviors of individuals in 

their private consumption decisions and in their role as citizens of socio-political systems. 

Corresponding insights regarding the drivers of individuals’ ecologically positive environmental 

behaviors (PEB) are crucial for the effective promotion and facilitation of responsible behavior 

through education, campaigns, technology development, and systems design. 

2. Theoretical Background 

Previous theories and related empirical findings on the determinants of environmentally 

significant behaviors represent the theoretical background of this study and will be described in the 

following. Thereafter, specific goals and hypotheses of this study are outlined. 

2.1. Understanding Environmentally Significant Behavior 

Manifold theories and behavioral decision-making models have been developed to increase our 

understanding of the determinants and processes influencing environmentally relevant behaviors of 

individuals. The field theory of Lewin [26] can be considered as a starting point in this regard. It 

postulated that human behavior is influenced by internal variables such as attitudes, values, and 

knowledge and external variables representing aspects of the physical and social environment of a 

person. In the 1970s, the norm-activation model (NAM) [27] was developed, which emphasized that 

social norms of positive environmental behaviors are conveyed to individuals in education and social 

learning processes so that they eventually become internalized by them. The resulting personal 

norms then trigger positive environmental behaviors, if individuals recognize their responsibility 

and are aware of the consequences of their actions. The NAM stimulated and guided a vast number 

of environmental behavior studies and is still applied, e.g., [28–32]. Currently, manifold 

psychological models of environmentally significant behaviors, such as, for example, the theory of 

interpersonal behavior (TIP) [33–35], the model of responsible environmental behavior [36–38], the 
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motivation-opportunity-ability model [39,40], the focus theory of normative conduct [41–43], and the 

value belief norm theory [19,44], coexist. The presumably most frequently applied approach, 

however, is the theory of planned behavior (TPB), which considers attitudes, subjectively perceived 

social norms, and perceived behavioral control as crucial determinants of behavioral intentions and 

environmental behavior [29,31,45–51]. The diversity of these models, which partially overlap and are 

partially also open for the inclusion of additional determinants, makes desirable an integrative 

framework aiming at a reconciliation of these models. Aiming at an integrative synthesis of such 

theories and models, Stern [20] summarized the different variables used to explain and understand 

environmentally significant behavior of individuals and ordered them into different categories to 

build a corresponding framework. In his view, an encompassing, integrative model of 

environmentally significant behavior needs to consider four categories of determinants: 

(i) Personal motivational factors: These include psychological constructs such as attitudes, values, 

personal needs, and goals, behavioral outcome beliefs, and personal evaluations or subjective 

expected utilities of behavioral outcomes. 

(ii) Contextual forces: External social (e.g., roles, norms, laws, power, group dynamics, social 

influence and interactions, persuasion, role models), physical, and situational factors (e.g., 

distances, logistic aspects, external restriction and options). 

(iii) Personal capabilities: Immaterial and material aspects such as knowledge, competencies, 

experience, environmental literacy, financial means, available time, social status, and power 

(iv) Habits, routines, and reminiscences of past behaviors. 

Previous findings of studies investigating the effects of prominent psychological constructs within 

these categories shall be briefly reviewed in the following. 

2.1.1. Personal Motivational Determinants of PEBs 

Environmental Attitudes 

According to numerous previous studies and various existing psychological models such as TIP 

and TPB, environmental attitudes represent a crucial determinant of environmental behavior 

[29,31,33–35,45–58]. According to meta-analyses of studies applying the TPB positive environmental 

attitudes are substantially positively related to PEBs and often turn out to be the strongest predictor 

of corresponding intentions [49–51]. It is known, however, that the specificity of attitudes in relation 

to the environmental behaviors in question plays a role here. If a specific environmental behavior 

shall be explained, then behavior specific attitudes tend to have a higher explanative power than 

general environmental attitudes [45,46]. 

Green Identity 

Self-identity refers to the idea that a person has of her- or himself, i.e., their self-concept of the 

goals, life-style, and behaviors that are appropriate and typical for his or her kind of person. Having 

a green identity is closely related to an individual’s environmental attitudes and values. However, 

theories on self and social identity [59,60], including the TIP [33–35] and a considerable body of 

corresponding previous research, show the important role that a green self-identity plays as a distinct 

and powerful explanatory variable of environmental behavior [58,61–66]. 

Positive Affect 

The emotions and affect connected to the performance of a behavior are crucial motivational 

forces driving behaviors in diverse domains. Affect is included as an explanatory variable in the TIP 

[33–35], and many studies on environmental behavior have highlighted the important facilitating role 

of positive feelings for performing PEBs [67–69]. 
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Awareness of Consequences 

The awareness of consequences represents a belief in the instrumentality of PEBs to safeguard 

the environment. This variable is considered a crucial determinant of behavioral decision making 

according to the NAM [27–33] and the value belief norm theory [19,44]. Perceived behavioral effects 

are also related to self-efficacy expectations and play a central role in determining behavior according 

to social cognitive learning theories [70–72]. Therefore, it seems important to include the awareness 

of consequences in integrative environmental behavior models. 

Justifications 

Justifications have been acknowledged as an important factor explaining the gap between 

personal norms and actual behaviors. Sykes and Matza [73] developed the so-called neutralization 

theory, which explains such inconsistencies as deriving from justification processes that neutralize 

personal norms in a given context and situation and thereby protect individuals from self-blame 

when violating social norms that they basically accept [74–76]. The concept of psychological 

justifications was originally developed and applied in criminological research and was later 

transferred to the domain of environmentally significant behaviors, and they have consistently 

proven to be crucial determinants of behavioral decisions [77–84]. Justifications can trigger a moral 

licensing process that increases the intention–behavior gap between positive sustainability-oriented 

intentions and behaviors [85–88]. These findings suggested the incorporation of the acceptance of 

justifications for not behaving in an environmentally friendly manner as a determinant to be 

considered in this study. 

2.1.2. Contextual Forces Determining PEBs: Descriptive and Injunctive Social Norms 

Social norms are a crucial factor determining environmental behavior; this variable is universally 

acknowledged in environmental behavior models, and its importance has received substantial 

empirical confirmation. The TPB includes such social influences in the form of subjectively perceived 

social norms, and this so-called subjective norm component has been proven to be a significant 

predictor of a broad range of environmental intentions and behaviors [45–51]. According to the focus 

theory of normative conduct, it is necessary to distinguish between injunctive (prescriptive) social 

norms, which denote how people should behave, and descriptive social norms, which describe how 

people usually behave [41–43,89]. These two types of norms can be related to informative and 

normative social influence processes as basic determinants of behaviors in social contexts [90–94]. 

However, descriptive and injunctive social norms have not been explicitly distinguished in most 

previous studies employing environmental behavior models. Accordingly, it seems promising to 

differentiate between these two types of social norms in behavioral decision-making models. 

2.1.3. Personal Capabilities Determining PEBs 

Environmental knowledge, education level, perceived behavioral control (PBC), and income 

were incorporated into the model as possibly influential behavior determinants related to personal 

capabilities. The positive role of environmental knowledge and education level as facilitating 

determinants of PEBs have been confirmed in various previous studies [36–38,95–97]. Accordingly, 

it seems crucial to include knowledge as an explanatory variable in integrative environmental 

behavior models. The relationship between income and PEBs is less clear, as previous research 

obtained mixed findings in this regard. Evidence indicates that higher income is positively associated 

with costly PEBs such as organic food product purchases [98,99]. However, there are also many PEBs 

that tend to save money, and the environmental footprint of wealthier persons is often more negative 

due to generally higher levels of consumption. It therefore appeared promising to investigate 

whether different types of behavior might be differentially influenced by income levels in the present 

study. 
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2.1.4. Past Behavior and Further Variables Determining PEBs 

Past behaviors represent a statistically powerful base-line predictor for future behaviors, 

particularly if other influence factors remain stable [45,46]. However, interpreting past behavior as a 

determinant of future behavior could lead to tautological, circular explanations—in the sense of 

“someone did something because he or she did so in the past.” Past behavior therefore has a special 

status among determinants of future behavior in that it needs to be distinguished from underlying 

psychological determinants of behavior. Like in many previous questionnaire studies, self-reported 

past PEBs served as a dependent variable rather than a predictor of PEBs in this research. 

Accordingly, a review on the role of past behavior and formation of habits is omitted here as 

corresponding information is provided elsewhere [100]. 

Finally, demographic variables can be related to PEBs. There is substantial evidence showing 

higher levels of PEBs among females than males in a broad range of behavioral domains [101–103]. 

Likewise, various studies show relationships between age and environmental attitudes and 

behaviors though the corresponding findings are heterogeneous [63]. Accordingly, it seems 

recommendable to also include demographic variables like gender and age in behavioral decision-

making models. Obviously, age and gender do not represent psychological constructs, but they can 

serve as additional control variables in psychological models that could be related to personal 

motivational factors, external factors, and personal capabilities that are not sufficiently covered by 

other variables of a model. There exists a very large number of psychological constructs with 

potential influence on environmental behavior, and corresponding models, therefore, tend to be non-

exhaustive. For the same reason, the list of variables and psychological constructs described above 

represent a non-exhaustive selection. Some important predictors addressed in previous research are 

missing (e.g., environmental values, personal norms, social roles, or personality traits such as locus 

of control, introversion, emotional stability, etc. [27–35,104,105]) because it does not seem possible to 

address all of them in one single study. 

2.1.5. Different Types of PEBs and Their Determinants 

Aiming at an encompassing theory of environmentally significant behavior, Stern [20] 

furthermore distinguishes different types of environmentally significant behavior: (i) private 

environmentally significant behaviors that have a direct environmental impact (e.g., consumer 

behavior, recycling and waste disposal, mobility behavior, etc.); and (ii) public sphere behaviors that 

only indirectly impact the environment through politically and socially mediated processes (e.g., 

signing a pro-environmental petition, taking part in demonstrations, voting for ecologically oriented 

parties, persuading others in political discussion). Stern assumes that different factors may determine 

these two types of environmentally relevant behaviors, whereby “environmental concerns are within 

awareness and may therefore be influential” in the public sphere [20] (p. 409). Empirical evidence 

supports a differentiation between private and public sphere behaviors, and preliminary findings 

indeed evince a particularly high importance of environmental attitudes as determinants of public 

sphere PEBs [19,20]. This seems also well reconcilable with a more recent study by Liobikienė and 

Poškus [106], where an ecological worldview had a significant effect on public sphere PEBs, but not 

on private PEBs. Still in another study addressing public and private sphere behaviors, attitudes 

related to the perceived cost and importance of specific PEBs proved to be influential for both types 

of behaviors with in tendency higher path weights of importance aspects resulting for private PEBs 

and higher path weights of cost aspects for public PEBs [107]. 

Further findings of the study by Liobikienė and Poškus [106] were that action-related 

environmental knowledge had a positive significant effect only on private sphere PEB, but not on 

public sphere PEB, and that awareness of behavioral consequences likewise proved only to be 

significantly related to private sphere PEBs but not to public sphere PEB. However, perceived 

environmental responsibility influenced both types of PEB to a similar extent positively significant. 

In a study by Huang, self-efficacy expectations—which entail aspects of awareness of 

consequences—proved significantly positively related with similar strength to both private PEBs and 

promotional public sphere PEBs [108]. A study by Tam and Chan [109] found that having a future 
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orientation has a positive effect on public sphere PEBs but not on private sphere PEB, which has been 

explained by the authors to have a more indirect impact on public sphere PEB that takes longer to 

realize. A study by Kilbourne et al. [110] found environmental concern to be significantly related to 

both private sphere and public sphere PEB in similar strength. 

On the background of these previous findings, additional research is required to explore the 

differential roles of other environmental behavior determinants in public and private behaviors. A 

consideration of the private and socio-political public spheres as two important domains of 

environmental engagement is also reflected in the concept of environmental citizenship behavior, 

which can be defined “as the responsible pro-environmental behavior of citizens who act and 

participate in society as agents of change in the private and public sphere on a local, national and 

global scale, through individual and collective actions in the direction of solving contemporary 

environmental problems, preventing the creation of new environmental problems, achieving 

sustainability and developing a healthy relationship with nature” [52] (p.8). 

Distinguishing different types of PEBs and investigating which factors are crucial for their 

explanation and prediction is an important step towards the further development of our 

understanding of the determinants of environmental behavior. Despite previous efforts, there clearly 

remains a research and knowledge deficit in this regard. One reason for this gap is that the 

overwhelming majority of previous research focused either on the explanation of PEBs in general 

terms [53,54], or focused on rather specific behavior domains such as recycling behavior [55], organic 

food consumption [51,58], use of public transport [101,111], and other relatively narrow topical areas. 

A theoretical synthesis and integration of various specific behaviors into classes of behavior types 

and an investigation into their distinct determinants as suggested by Stern [20] are still largely 

missing. Therefore, this study aimed to further develop a corresponding knowledge base in order to 

better interconnect general theories of environmental behavior with empirical findings on specific 

behaviors. 

2.2. Study Aims and Hypotheses 

2.2.1. Application of an Integrative Environmental Behavior Model Based on Previous Research 

An encompassing integrative behavioral model was developed for the application in this study. 

This analytic model was based on Stern’s [20] classification of behavior determinants and on the 

findings of previous environmental behavior studies as outlined in the previous sections. The 

construction of the analytical framework thus followed an eclectic approach towards the selection of 

variables for each class of determinants, and the resulting model is depicted in Figure 1. The 

development of an integrative model with high explanative power was aspired and represents one 

aim of this study. However, taking an eclectic approach implies that the list of variables included in 

the overall model is by no means exhaustive. Still, based on the previous studies cited in Sections 

2.1.1–2.1.4, it could be expected that all predictors included in the analytic framework of Figure 1 

have the potential to contribute to the explanation of variance of environmentally significant 

behaviors. However, no explicit hypotheses were formulated in this regard, since the main focus of 

this study is on differences in the strength of the influence of certain behavioral determinants between 

different types of PEBs. Therefore, we restricted our hypotheses to certain differences, which we 

expected in this latter regard as described in the following. 
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Figure 1. Analytical framework with the predictor variables used for explaining different types of 

positive environmental behaviors (PEBs) in the present study (Source: original). 

2.2.2. Investigation of Hypotheses on Differences between Determinants of Differenty Types of 

PEBs 

The differentiation between private sphere behaviors with direct environmental impacts and 

public sphere behaviors with exclusively indirect socially or politically mediated environmental 

consequences is the starting point of this study. In this context, a crucial point that Stern [20] did not 

address is that different degrees of privacy exist among private behaviors with direct impacts on the 

environment [101]. In fact, one can postulate a continuum of private behaviors. On one pole are 

socially salient private behaviors that are clearly visible to the social environment, such as the 

purchasing of a new automobile or the establishment of solar panels on the roof of a self-owned 

private house, whereas on the other pole are highly discrete private PEBs such as using colder water 

for showering or laundry and turning on the dish-washer only when it is fully loaded. 

Thus, there may be some private PEBs that resemble public sphere PEBs with exclusively socially 

and politically mediated impacts in so far as they are publicly perceived by the agent’s social 

environment and thereby convey a pro-ecological status and value-related message to others. Such 

behaviors could be denoted as “lighthouse PEBs” due to their high visibility and communication 

function as symbolic social self-representations. Similar to public sphere behaviors such as 

environmental activism, private lighthouse PEBs may exert considerable socially mediated influences 

on the environment because persons displaying such behaviors may serve as role models motivating 

others to display similar behaviors [111,112]. This may be true for positive lighthouse PEBs (e.g., 

establishing solar panels on a roof) as well as environmentally negative lighthouse behaviors (e.g., 

driving an SUV). 

On the background of these considerations and findings of previous research on the drivers of 

private and public sphere pro-environmental behaviors as described in Section 2.1.5, the five 

following hypotheses, which are supported by both qualitative, theoretical arguments and previous 

empirical findings, were formulated. 
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Firstly, as explained by Stern [20] and consistent with empirical finding by Stern and colleagues 

[19], an important role of environmental attitudes and public sphere behaviors such as political pro-

environmental behavior or activism may be expected because they are clearly oriented towards 

ecological ends, whereas specific private sphere PEBs may also be motivated by non-ecological 

drivers such as financial incentives (e.g., sorting waste reduces disposal costs in private households 

due to garbage fees, using LED reduces electricity costs, etc.), health and fitness gains (e.g., walking 

or biking to work instead of driving may bear health benefits), or other non-ecological aspects. 

Accordingly, Hypothesis 1 was formulated in line with these considerations. 

Hypothesis 1: It is expected that pro-environmental attitudes will be a more important determinant of public 

sphere PEBs compared to private sphere PEBs. 

Secondly, social influence factors (i.e., subjective norms within the concept of TPB, descriptive 

and prescriptive norms according to the focus theory of normative conduct) are expected to be more 

influential in public sphere behavior where norm-conformity is, in tendency, more observable 

compared to private sphere behaviors. This assumption is in line with a long tradition and vast 

amount of studies and literature on social pressure and conformity [92–94,113,114], showing that 

public behavioral compliance is often stronger than internal acceptance of communicated social 

behavior norms [115]. 

It is assumed that this holds for both descriptive and prescriptive social norms, which are 

considered separately in this research. Therefore, the following Hypotheses 2 and 3 were formulated 

in this regard. 

Hypotheses 2 and 3: It is expected that both descriptive social norms (H2) and prescriptive social norms (H3) 

are more important determinants of public sphere PEBs compared to private sphere PEBs. 

Previous research has revealed a higher congruency between sustainability-related social norms 

and corresponding behaviors when there exists social control (e.g., because behaviors are observable 

and transparent to others) than in situations when behaviors are totally private, non-transparent, and 

unknown to others [89]. Therefore (and with analogous reasoning as for Hypotheses 2 and 3), it was 

assumed that social norms are more influential in relation to socially salient and recognizable private 

sphere behaviors where norm-conformity is observable than for private behaviors that are not 

socially salient for example because they are obscured from others. Accordingly, the following 

Hypotheses 4 and 5 were formulated. 

Hypotheses 4 and 5: It is expected that descriptive social norms (H4) and prescriptive social norms (H5) are 

more influential determinants of socially highly salient private (lighthouse) PEBs than of less socially salient 

private PEBs. 

These five hypotheses were investigated through the application of a principal component 

analysis (PCA) to a large set of environmentally significant behaviors including both public and 

private sphere behaviors and the subsequent application of an encompassing behavioral model 

aiming to predict distinct behavior types identified by the PCA. This open, partly data-driven 

procedure allowed for the possibility that in addition to the three types of PEBs (public sphere, 

lighthouse private sphere, less socially salient private sphere) to which these hypotheses refer, further 

behavioral types could possibly be identified and explored. The integrative behavior model approach 

taken in this research also represents an explorative means to detect possible further differences 

between the optimal models for the explanation of different types of PEBs apart from those predicted 

by the five formulated hypotheses. 
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3. Methodologies and Methods 

In this section, the implementation and participants of the survey will be described, followed by 

the content of the questionnaire and some general rmarks on the statistical analyses that were 

conducted. 

3.1. Survey Implementation and Participants 

The survey was conducted between 25 October and 19 November 2019. Participants were 

recruited from a random sample of the resident populations of the German- and French-speaking 

regions of Switzerland who had internet access and were in the age range of 18–74 years. Individual 

links for participation in the online survey were sent out via email, and the invited persons had the 

option to respond to either the German or French version of the online questionnaire. Participation 

in the survey was voluntary, the anonymity of the surveys was guaranteed, and no financial 

compensation was paid. The purpose of the study was communicated to the participants in general 

terms before presentation of the first question. 

A total of 1219 persons completed the survey. The average time required to complete the 

questionnaire was 23.6 min, and only fully completed questionnaires were used in the statistical 

analyses. Some participants were excluded from the data analyses, as their response time was below 

the threshold value of six minutes that was defined as a quality requirement for the sincere 

completion of the questionnaire. As a result, 1206 participants with valid responses were included in 

the data analysis, including 899 persons who used the German questionnaire and 307 who used the 

French version. However, the number of interpretable responses varied between the items because 

many items included the response options “I do not know” or “I do not want to respond to this 

question,” which were considered as missing entries for most analyses. 

The gender distribution of the participants was 51.1% males and 48.9% females, and the average 

age of the participants was 47.6 years (median = 49, mode = 51, min = 18, max = 74, SD = 15.04). Among 

the participants, 36.6% were academics possessing at least one university degree (MSc, BSc, diploma) 

and 63.3% were non-academics, and 0.2% (two persons) did not respond to the item addressing 

education level. The financial situation was assessed as household income for persons living together 

with their partners or parent(s) and as individual income for other participants. The median 

household income of the former group ranged from 9000 CHF to 12,000 CHF per month (before 

taxes), and the median individual income of the remaining persons ranged between 5000 CHF and 

7000 CHF per month (1 CHF was nearly equivalent to 1 USD at the time of the survey). However, 164 

participants did not disclose their income level. 

3.2. Questionnaire 

3.2.1. Socio-Demographic and PEB Items 

The questionnaire firstly addressed the socio-demographic variables of gender, age, income, and 

education level. These items were followed by questions addressing 23 different environmental 

behaviors, including five public sphere PEBs with mainly socio-politically mediated impacts on the 

environment (e.g., taking part in a pro-environmental demonstration, donating to a pro-

environmental organization, signing a pro-environmental petition). The corresponding items asked 

how frequently each of the behaviors was performed by the respondent using a six-point scale (1 = 

never, 2 = very rarely, 3 = rarely, 4 = occasionally, 5 = frequently, 6 = very frequently). Items that 

inquired about negative environmental behaviors were reversely coded. The 23 behavior items and 

the average response values are presented in Table 1. Following the behavior items, personal 

motivational variables, contextual variables, and personal capability aspects were addressed. 
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Table 1. Pro-environmental behavior items. 

Items N M SD 

1. When I take a holiday, I travel by plane to my holiday destination.a 1194 3.71 1.46 

2. When shopping, I refuse to buy products from companies with a bad reputation for 

environmental protection. 
1130 4.49 1.34 

3. When buying food, I prefer to choose ecological (or organic) food options. 1196 4.64 1.29 

4. When buying food, I prefer to buy regionally grown fruit and vegetables. 1198 5.34 0.85 

5. I reduce the number of miles I fly by taking the train (or other more environmentally 

friendly means of transport) or not travelling at all. 
1118 4.13 1.69 

6. I leave the dishwasher running when it is almost empty or only about half full. a 1160 5.38 1.07 

7. I use a tumble dryer instead of a clothesline when drying wet clothes. a 1188 4.01 1.73 

8. I wash my clothes at 30 oC or in cold water. 1159 3.95 1.51 

9. Instead of turning up the heat in winter, I wear warm clothes. 1186 4.50 1.34 

10. I take a long hot shower (more than five minutes). a 1201 3.98 1.51 

11. I unplug or switch off my electronic devices when I am not using them 1203 4.36 1.56 

12. I throw away food at home when it gets too old or goes bad. a 1201 4.18 1.25 

13. I sort my waste for recycling. 1204 5.78 0.58 

14. I repair things instead of buying new ones. 1195 4.65 1.01 

15. I buy second-hand items or used products instead of new ones. 1197 3.25 1.42 

16. I leave the light on in rooms of my apartment even when it is not needed. a 1205 5.06 1.11 

17. I collect smaller waste when I see it lying outside in nature or in public places. 1200 3.85 1.32 

18. I simply throw smaller rubbish on the ground or leave it behind on the way instead 

of disposing of it correctly. a 
1204 5.78 0.75 

19. I have participated in peaceful demonstrations for the environment 1195 1.48 1.05 

20. I have made a donation to an environmental organization or environmental project 

or request 
1183 2.89 1.70 

21. I have worked or volunteered for an environmentally friendly organization. 1187 1.51 1.17 

22. I have convinced others to behave in a more environmentally friendly manner. 1148 3.66 1.39 

23. I have signed a petition for an environmental issue or cause. 1145 2.92 1.77 

All items used a six-point Likert scale (1 = never, 2 = very rarely, 3 = rarely, 4 = occasionally, 5 = 

frequently, 6 = very frequently). Responses of the category “not applicable” or “I do not know” were 

excluded, such that numbers of valid responses from the overall 1206 participants varied from n = 

1350 to 1853 between the items. a For these negative environmental behaviors, the scale was reversed 

to enable their possible inclusion in PEB scales. Reported means (M) for these items show the 

corresponding reversely-poled scaling whereby high values represent frequent PEBs. 

3.2.2. Personal Motivational Variables 

General environmental attitudes were assessed using a set of five items from an existing scale 

developed by Diekmann [116,117], which were complemented by an additional item assessing 

participants’ agreement with the statement “the protection of the environment is very important to 

me.” The six items measured agreement ratings on a four-point response scale (1 = do not agree at 

all, 2 = rather disagree, 3 = rather agree, 4 = I fully agree) and are listed in Table 2 together with average 

responses and results of a corresponding Cronbach’s alpha scale reliability analysis. 

Table 2. Items addressing general environmental attitudes and Cronbach’s alpha scale analysis. 

General Environmental Attitudes Scale N M SD 
r (Item 

Scale) 

α (if item 

Deleted) 

1. If we continue as we have been doing, we are heading 

for an environmental disaster. 
1127 3.24 0.83 0.67 0.74 

2. In my opinion, many environmentalists greatly 

exaggerate the importance of the environmental 

problem.a 

1129 2.97 1.00 0.61 0.76 

3. For the sake of the environment, we should all be 

prepared to reduce our current standard of living.  
1164 3.01 0.85 0.57 0.77 



Sustainability 2020, 12, 8547 11 of 30 

4. Environmental protection measures should be enforced 

even if they result in job losses. 
1066 2.64 0.89 0.55 0.77 

5. It is still the case that politicians do far too little for the 

environment. 
1146 3.13 0.88 0.50 0.78 

6. The protection of the environment is very important to 

me. 
1191 3.49 0.59 0.46 0.79 

Cronbach alpha (additive raw scale, missing listwise) 966 18.64 3.62 α =  0.80 

Final scale values (items averaged, missing values 

estimated) 
1206 3.08 0.57   

All items used a four-point Likert scale (1 = do not agree at all, 2 = rather disagree, 3 = rather agree, 4 

= I fully agree). Responses in the category “I do not want to respond” or “I do not know” were treated 

as missing values. Item-to-scale correlations have been corrected by excluding the item itself from the 

scale value. The total scale value for each participant was calculated as the average rating of the six 

items, with missing values being estimated by the overall mean values of each item. a For this 

statement, the response scale coding was reversed to allow for inclusion in the General Environmental 

Attitude scale. Reported means (M) for these items evince reversely poled scaling whereby high 

values represent positive environmental attitudes. 

Various further personal motivational factors were measured with single items and are listed in 

Table 3. Among these, green identity was measured using one item assessing agreement with the 

statement “I am an environmentally conscious consumer.” The positive affect connected with PEBs 

(feeling good) was addressed by an item measuring agreement with the statement “I feel good when 

behaving in an environmentally friendly way.” Awareness of consequences was assessed by an item 

assessing participants’ agreement with the statement “I believe that my personal behavior can bring 

about a (positive) environmental change.” 

Table 3. Descriptive statistics for personal motivational variables, social norms, and psychological 

capability variables measured by single items or two items. 

 N M SD 

Personal motivational variables 

Green identity 

“I am an environmentally conscious consumer.” 

Affect, feeling good 

“I feel good when behaving in an environmentally friendly way.” 

Awareness of consequences 

“I believe that my personal behavior can bring about a (positive) environmental change.” 

Social contextual variables 

Descriptive social norm 

“People who are important to me usually behave in an environmentally friendly way.” 

Prescriptive social norm 

“In general, the people close to me expect me to behave in an environmentally friendly 

manner.” 

Psychological capability variables 

Self-evaluated knowledge 

How do you rate your level of knowledge on environmental issues and environmental 

protection compared to the average Swiss population? a 

Perceived behavioral control 

“I can easily behave in an environmentally friendly manner if I want to.” 

“It is very easy for someone like me to be environmentally friendly.” 
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All items (except for a, see below) were answered on a four-point Likert scale (1 = do not agree at all, 

2 = rather disagree, 3 = rather agree, 4 = I fully agree). Responses of the category “I do not want to 

respond” or “I do not know” were excluded. a Five-point response scale from clearly below average 

to clearly above average (1 = clearly below average, 2 = rather below average, 3 = average, 4 = rather 

above average 5 = clearly above average). 
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Justifications were assessed by measuring levels of agreement with four statements, including 

“there are more important things in life than protecting the environment, so polluting the 

environment is justified to a certain extent.” The four items were incorporated as a brief justifications 

for negative behaviors scale (see Table 4 for the individual items and the reliability analysis). 

Table 4. Items addressing justifications and Cronbach’s alpha scale analysis. 

Justification Scale Items N M SD 
r (Item 

Scale) 

α (If Item 

Deleted) 

1. There are more important things in life than protecting the 

environment, so polluting the environment is justified to a 

certain extent. 

1164 1.56 0.78 0.45 0.61 

2. The impact of a single person’s environmental behavior is 

small, so it is not worth limiting oneself for the environment.  
1169 1.59 0.80 0.43 0.62 

3. I behave very environmentally friendly in most areas of life, 

so it is okay if some of my behaviors pollute the environment 

(e.g., go on holiday now and then).  

1128 2.43 0.88 0.41 0.64 

4. Environmentally friendly behavior is often more expensive 

than environmentally unfriendly behavior, so it is okay if some 

of my behaviors pollute the environment (e.g., flying to a holiday 

destination now and then instead of travelling more expensively 

by train).  

1120 2.06 0.90 0.53 0.55 

Cronbach alpha (missing listwise) 1044 7.58 2.38 α =  0.67 

Final scale values (items averaged, missing values estimated) 1206 1.91 0.58   

All items were assessed on a four-point Likert scale (1 = do not agree at all, 2 = rather disagree, 3 = 

rather agree, 4 = I fully agree). Responses of the category “I do not want to respond” or “I do not 

know” were excluded. Item-to-scale correlations were corrected by excluding items from the scale 

value. The total scale value for each participant was calculated as the average rating of the six items, 

with missing values being estimated by the overall mean values of each item. 

3.2.3. Contextual Forces: Descriptive and Prescriptive Social Norms 

To measure social contextual forces, descriptive social norms were addressed by soliciting levels 

of agreement with the statement “People who are important to me usually behave in an 

environmentally friendly way” and prescriptive social norms were assessed using the item “In 

general, the people close to me expect me to behave in an environmentally friendly manner” (Table 

3). 

3.2.4. Psychological Capability Factors and Further Items 

As capability factors, self-evaluated knowledge about environmental problems was assessed 

with one item, and perceived behavioral control to display PEBs was measured with the two items 

“I can easily behave in an environmentally friendly manner if I want to” and “It is very easy for 

someone like me to be environmentally friendly” (Table 3). 

In addition to these questions, the survey contained some further items related to political and 

environmental topics that are not addressed in this study. 

3.3. Statistical Analysis 

The statistical analyses were performed using IBM SPSS Version 25 for Macintosh systems. To 

avoid an accumulation of missing cases in multivariate analyses involving scales, missing values 

caused by the selection of supplementary response options such as “I do not know” or “I do not want 

to respond” were estimated by the overall mean of the respective variable in the total dataset, which 

is a common approach with conservative effects on correlations between variables. As a central 

analysis, a PCA was conducted on the 23 PEB items. Based on the resulting component loadings, the 

PEB items were assigned to different groups, and Cronbach’s alpha analyses were conducted to 

validate corresponding behavioral scales. The resulting scales were then investigated by means of a 
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repeated measures ANOVA using the variables of an encompassing environmental behavior model 

as between-subject factors and the different types of behaviors (represented by scales) as within-

subject factors. This enabled the computation of prediction models for each type of PEB based on a 

general set of predictors and the investigation of significant differences between these prediction 

models as interaction effects (environmental behavior model predictor X type of PEB). 

4. Results 

Descriptive statistics of, firstly, the PEB items and, secondly, of the variables representing 

possible determinants of environmentally significant behavior are reported. Then, the findings of a 

PCA conducted to distinguish between different types of PEBs are presented. Finally, a repeated 

measures ANOVA representing an integrative environmental behavior model is applied to explain 

distinct types of private and public PEBs. 

4.1. Descriptive Statistics of PEBs 

Table 1 displays the average values of the frequency ratings of the 23 environmental behaviors 

measured in this study. The most common PEBs were to sort waste for recycling and (reversely 

coded) not to litter waste, both of which obtained the same maximum average value of M = 5.8, which 

was quite close to the scale maximum of 6 (= “very often”). In contrast, the two rarest PEBs, each of 

which obtained a mean value of 1.5 (i.e., in the middle between “never” and “very rarely”), were 

participation in peaceful demonstrations for the environment and working or volunteering for an 

environmentally friendly organization. 

4.2. Predictors of the Environmental Behavior Model 

The average agreement ratings for the items addressing environmental attitudes are listed in 

Table 2 along with the results of the reliability analysis. All six item-to-scale correlations were larger 

than r = 0.45, which reflects an acceptable level of consistency. The scale’s overall Cronbach’s alpha 

value was acceptable at α = 0.8. All items were retained in the scale, as omitting any items would 

have reduced the overall Cronbach’s alpha value (see last column in Table 2). 

Table 3 presents the average ratings for the single items representing psychological constructs. 

In addition, the correlation between prescriptive and descriptive norms was calculated, which 

proved to be significant with r = 0.45 (p < 0.001). Nonetheless, based on the above-elucidated 

theoretical grounds, this correlation seemed small enough to treat the two types of norms as two 

separate predictor variables in the encompassing behavior model. 

The correlation between the two perceived behavioral control items “I can easily be 

environmentally friendly if I want to” and “It is very easy for someone like me to be environmentally 

friendly” was likewise calculated and proved to be significant with r = 0.52 (p < 0.001). Since both 

items were presumed to measure the same construct, an average value of both variables was 

considered appropriate to serve as the PBC measure in the encompassing environmental behavior 

model. 

The participants’ average ratings in the four justification items are shown in Table 4 along with 

the results of a corresponding Cronbach’s alpha analysis. The overall α of 0.67 was acceptable, and 

the same was true for the corrected item scale correlations, which consistently exceeded 0.4. All items 

were kept in the scale, as omitting any item would have reduced the overall Cronbach’s alpha value. 

Among the four justifications, the statement “I behave very environmentally friendly in most areas 

of life, so it is also okay if some of my behaviors pollute the environment” obtained the highest score 

with M = 2.4, which roughly corresponds to a neutral rating between rather disagree (≈2) and rather 

agree (≈3). 

4.3. PCA Results 

A PCA was conducted on the 23 PEB items to investigate their factorial structure and identify 

factors that are able to account for common variance of certain (types of) behaviors. The scree plot 
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was interpreted in order to determine the number of components to be extracted (Figure 2). The 

upward bent in the plot from components 3 to 2 suggested the extraction of two principle components 

with initial eigenvalues of ʎ1 = 4.86 and ʎ2 = 1.98. The graphical scree-test was preferred to the Kaiser 

Gutman criterion because the latter tends to lead to the extraction of rather too many factors if the 

number of variables is quite large [118]. 

 

Figure 2. Screeplot with eigenvalues ʎ of sequentially extractable factors (components) of the PCA of 

the 23 PEBs (Source: original). 

The resulting initial factor-loading matrix was rotated based on the Varimax criterion to arrive 

at a clearer factorial structure. The resulting rotated components possessed eigenvalues of ʎ1 = 4.02 

and ʎ2 = 2.82. Table 5 presents the corresponding rotated component loading matrix with the loadings 

of the different PEBs on the two extracted and rotated factors. 

Table 5. Rotated factor-loading matrix of the PCA of the environmental behavior items. 

 Component Assigned 

Scale  1 2 

1. When I take a holiday, I travel by plane to my holiday destination. a 0.24 0.42 private 

2. When shopping, I refuse to buy products from companies with a bad reputation for 

environmental protection. 
0.56 0.39 lighthouse 

3. When buying food, I prefer to choose ecological (or organic) food options. 0.55 0.26 lighthouse 

4. When buying food, I prefer to buy regionally grown fruit and vegetables. 0.35 0.44 private 

5. I reduce the number of miles I fly by taking the train (or other more environmentally 

friendly means of transport) or not travelling at all. 
0.51 0.37 lighthouse 

6. I leave the dishwasher running when it is almost empty or only about half full. a −0.04 0.46 private 

7. I use a tumble dryer instead of a clothesline when drying wet clothes. a 0.14 0.31 none 

8. I wash my clothes at 30 oC or in cold water. 0.27 0.18 none 

9. Instead of turning up the heating in winter, I wear warm clothes. 0.36 0.41 private 

10. I take a long hot shower (more than five minutes). a 0.05 0.51 private 

11. I unplug or switch off my electronic devices when I am not using them 0.34 0.40 private 

12. I throw away food at home when it gets too old or goes bad. a 0.00 0.50 private 

13. I sort my waste for recycling. 0.14 0.40 private 

14. I repair things instead of buying new ones. 0.29 0.35 private 

15. I buy second-hand items or used products instead of buying new ones. 0.51 0.04 lighthouse 

16. I leave the light on in rooms of my apartment even when it is not needed. a 0.02 0.56 private 

17. I collect smaller waste when I see it lying outside in nature or in public places. 0.40 0.13 lighthouse 
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18. I simply throw smaller rubbish on the ground or leave it behind on the way instead 

of disposing of it correctly. a 
−0.13 0.41 private 

19. I have participated in peaceful demonstrations for the environment 0.64 −0.23 publicc 

20. I have made a donation to an environmental organization or environmental project 

or request 
0.68 0.05 public 

21. I have worked or volunteered for an environmentally friendly organization. 0.56 −0.17 public 

22. I have convinced others to behave in a more environmentally friendly manner. 0.59 0.21 public 

23. I have signed a petition for an environmental issue or cause. 0.76 0.04 public 

The Varimax rotation method was applied. Loadings on components to which an item (behavior) was 

assigned are printed in bold. In addition loadings of public sphere PEBs on Component 1 are 

underscored (N = 1206; occasional missing values for the PEBs were estimated by the grand mean of 

the respective behavior). 

According to Guadagnoli and Velicer [119], variables with component loadings of 0.30 or 0.40 

are usually regarded as salient for the corresponding component, whereas loadings with smaller 

absolute values are ignored. A threshold of a = 0.35, which is the mid-point of these two values, was 

accordingly defined in this study as the criterion for a behavior item to form part of a certain 

component and thus be assigned to a corresponding behavioral scale. However, if an item loaded 

higher than 0.35 on both extracted components, it was assigned to the scale of the component on 

which it loaded highest, as this component was then assumed to best reflect the respective behavior 

item. Two items showed small loadings below 0.35 on both components and were therefore omitted 

from the subsequent analyses. 

Accordingly, the five public sphere behaviors all loaded considerably high on component 1 

(Table 5, behavior items 19–23, loadings between a = 0.56 and a = 0.76). In addition, there were some 

private sphere behaviors that loaded considerably on this component, namely items 2, 3, 5, 15, and 

17, for which loadings ranged between 0.40 and 0.56. Although these two sets of behaviors loaded on 

the same factorial component, they represent different types of environmental behaviors; as defined 

by Stern [20], public sphere behaviors influence the environment indirectly via social and political 

influence, whereas private sphere PEBs have a straightforward, direct positive impact on the 

environment. Furthermore, there were some private sphere behaviors that loaded considerably on 

component 2, namely items 1, 4, 6, 9 to 14, 16, and 18, for which loadings ranged between 0.35 and 

0.56. Accordingly, it was decided to use these three sets of items as the basis for the construction of 

three different PEB scales that were presumed to represent different types of PEBs: (1) public sphere 

behaviors with socio-political primary goals that are instrumental indirectly for ecological aims as 

secondary goals [20]; (2) lighthouse private sphere behaviors; and (3) less socially salient private 

sphere behaviors. Thus, in addition to a separation of public sphere PEBs from private PEBs, two 

different types of private PEBs were derived from the PCA loading pattern (Table 5). The term 

lighthouse PEBs seemed appropriate for the private sphere PEBs loading on component 1 for two 

reasons. Firstly, public sphere behaviors also loaded highly on component 1, which suggested some 

similarity of these private sphere behaviors to public sphere behaviors, thereby implying a high 

public visibility (social salience) of these behaviors. Secondly, when analyzing the content of these 

behaviors, it was recognized that they tend to involve the communication of an ecologically oriented 

message promoting sustainability-related values to others. Together, these two aspects—high 

visibility and communication function—raised the association to a lighthouse. 

Some examples of lighthouse private sphere and less socially salient behaviors shall briefly 

illustrate this reasoning: 

To refuse to buy products from companies with a bad reputation for environmental protection 

(behavior item 2, lighthouse private PEB) seems to include a strong sustainability-oriented message 

to others. The same is true for behavior item 5, “I reduce the number of miles I fly by taking the train 

(or other more environmentally friendly means of transport) or not travelling at all.” Similarly, if 

someone cleans up the environment, this may be well visible to others and sends a public message 

that keeping the environment clean is important (behavior item 17, lighthouse private PEB). On the 

contrary, littering waste often occurs when social control is lacking, and people tend to try to hide 
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this misconduct from others. Hence, although previous research has shown that social norms 

influence littering behavior [41,43,82,83], the corresponding social influence may be weakened if it is 

socially non-transparent and unobserved and thus unknown to others whether a person litters 

(behavior item 18, non-lighthouse private PEB). Such a non-transparency seems even more 

emphasized for at-home behaviors such as running the dishwasher when it is nearly empty or only 

about half full (behavior item 6) or taking very long hot showers (behavior item 10), which do not 

seem to be socially salient and are obscured from others and therefore represent non-lighthouse 

private PEBs. 

A Cronbach’s alpha reliability analysis was performed for the three resulting scales. When 

considering the five public sphere behaviors as a scale, the resulting Cronbach’s alpha value was 0.73. 

The Cronbach’s alpha of the items representing the 5 lighthouse PEBs and 11 non-lighthouse private 

PEBs were 0.63 and 0.67, respectively. Deleting any items from any of these three scales would have 

reduced their respective Cronbach’s alpha value. Therefore, no items were omitted, and the average 

ratings for the 5 public sphere, 5 lighthouse, and 11 less socially salient private behavior items where 

considered as measures of how frequently each participant engaged in each of the three types of PEB. 

4.4. Repeated Measures ANOVA Representing the Behavior Model 

To investigate the roles of different predictors derived from previous research on PEBs in 

influencing the three types of PEB distinguished on basis of the PCA, a repeated measures ANOVA 

was conducted with PEB type as the within-subject factor (three levels encompassing public sphere, 

lighthouse private sphere, non-lighthouse private sphere PEBs). This method was deemed to be most 

appropriate because it calculates separate prediction models (parameter estimates) and significance 

tests for each PEB type and additionally enables testing for significant differences in the roles that 

certain predictors play in influencing the three different types of behaviors. Such differences are 

captured as interaction effects between the between-subject factor predictor variables and the within-

subject factor PEB type. 

The between-subject predictor variables of the model included personal motivational 

determinants such as (i) general environmental attitudes, (ii) green self-identity, (iii) positive affect 

(feeling good), (iv) awareness of consequences, and (v) justifications, as well as contextual social 

forces represented by (vi) prescriptive and (vii) descriptive social norms, and personal capabilities, 

namely, (viii) environmental knowledge, (ix) education level, (x) perceived behavioral control, (xi) 

income, and finally, the demographic control variables (xii) gender and (xiii) age. All predictors were 

entered as covariates into the general linear ANOVA model. The dependent measure and the 

psychological predictor variables were represented by the scales described in Section 4.2. Gender was 

represented by a two-level variable (coded 1 = male, 2 = female) and the same was true for education 

level (0 = no academic degree, 1 = with academic degree). The two cases with missing values for the 

latter variable were randomly assigned to a category. Income was represented by a three-level 

variable (0 = income below the median category, 1 = income within the median category, 2 = income 

above the median category). For the 164 non-respondents, the median category was used as the 

statistically most neutral income estimate. Because income effects are not at the foreground of the 

present study, this procedure was deemed the best means to avoid losing the information these 

participants provided in relation to all of the other predictor variables. 

Collinearity measures for the 13 predictors revealed no corresponding problems; however, the 

Mauchley test of sphericity revealed a significant violation of the homogeneity of covariance between 

the three repeated measures of the within-subject factor (χ2 = 74.97, df = 2, p < 0.001). A corresponding 

epsilon correction (Huynh-Feldt ε = 0.94) of the degrees of freedom of the F-distribution used to 

calculate the significances for the within-subject factors and corresponding interaction effects was 

conducted to take this into account. 

The analyses revealed a significant main effect of the within-subject factor PEB type (p < 0.001). 

Public sphere behaviors (M = 2.5) were significantly less frequently displayed than lighthouse sphere 

behaviors (M = 4.1); however, less socially salient private sphere behaviors (M = 4.8) were most 

frequently evinced. 
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The tests of between-subject factors (Table 6) show which variables of the behavioral model 

significantly contribute to the explanation of PEBs in general (i.e., when averaging the three PEB types 

for each participant). Accordingly, general environmental attitudes and (self-evaluated) 

environmental knowledge were the strongest predictors (for both: partial eta squared η2 = 0.087, p < 

0.001) of PEBs, followed by green identity, justifications, awareness of consequences, gender, and 

prescriptive social norms (for all five predictors, p ≤ 0.001 and η2 ≥ 0.009), age (p < 0.01), and perceived 

behavioral control (p < 0.05, η2 = 0.005), respectively. 

Table 6. Test of the between-subject factors and covariates of the repeated measures ANOVA with 

PEB type (three levels: public, lighthouse private, non-lighthouse private) as a within-subject factor 

showing which predictors contribute to the explanation of PEBs when aggregating over the three PEB 

types. 

Between-Subjects Source of Variance SS Df MS F Sig. Partial Eta-Squared 2

General environmental attitudes 23.19 1 23.19114.160.000 *** 0.087 

Green identity 9.87 1 9.87 48.60 0.000 *** 0.039 

Positive affect, feeling good 0.52 1 0.52 2.54 0.111 0.002 

Awareness of consequences 2.85 1 2.85 14.01 0.000 *** 00.012 

Justifications 8.89 1 8.89 43.76 0.000 *** 0.035 

Prescriptive social norms 2.21 1 2.21 10.86 0.001 ** 0.009 

Descriptive social norms 0.23 1 0.23 1.14 0.285 0.001 

Environmental knowledge 22.95 1 22.95112.970.000 *** 0.087 

Education level 0.07 1 0.07 0.33 00.565 0.000 

Perceived behavioral control 1.11 1 1.11 5.48 0.019 * 0.005 

Age 1.61 1 1.61 7.90 0.005 ** 0.007 

Gender 2.80 1 2.80 13.78 0.000 *** 0.011 

Income 0.54 1 0.54 2.66 0.104 0.002 

Error 242.14 1192 0.20    

*** p ≤ 0.001, ** p ≤ 0.01, *** p < 0.05; names, significance level and effect size of significant predictors 

printed boldly. 

Differences in the importance of predictors for explaining the three different types of PEB were 

tested within the repeated measures ANOVA through interaction effects between the within-subject 

factors (type of PEB) and between-subject factors (predictor variables of the behavioral model), as 

shown in Table 7. The analysis revealed significant interactions between PEB type and predictors for 

seven predictor variables. The strongest effect size was observed for general environmental attitudes 

X PEB type (η2 = 0.029, p < 0.001), which were significantly more important for the public sphere (b = 

0.52) and lighthouse private PEBs (b = 0.40) than for non-lighthouse private PEBs (b = 0.07; p < 0.001 

in both comparisons). The simple contrast between the influence of general environmental attitudes 

for public sphere and private lighthouse PEBs was likewise significant (p < 0.05), which confirmed 

Hypothesis 1 that general environmental attitudes are particularly important in influencing public 

sphere behaviors. In addition, environmental attitudes proved more important for private lighthouse 

than less socially salient private PEBs. 

Table 7. Parameter estimates (b-weights), effect sizes, and significance values of the model variables 

for the prediction the three types of PEBs (public, lighthouse private, non-lighthouse private) and 

significance values of the interaction effects of within-subject factors X between-subject factors of the 

repeated measures ANOVA. 

Source of Variance: Predictors and 

Interaction Effects Predictors X PEB Types 
 

Public Sphere 

PEBs 

Lighthouse 

Private PEBs 

Other Private 

PEBs 

PEB Type X 

Predictor 

p 2 b p2 b p2 b p2 

General environmental attitudes  0.519 *** 0.076 0.400 *** 0.058 0.072 * 0.005 .029*** 
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Green identity  0.102 * 0.004 0.221 *** 0.024 0.239 *** 0.062 .004** 

Positive affect, feeling good  0.007 0.000 0.053 0.002 0.058 * 0.005 0.001 ns 

Awareness of consequences  0.094 ** 0.006 0.099 *** 0.009 0.033 0.002 0.002 ns 

Justifications  −0.177 *** 0.012 −0.202 *** 0.020 −0.164 *** 0.029 0.000 ns 

Prescriptive social norms  0.145 *** 0.014 0.056 0.003 0.005 0.000 0.006 *** 

Descriptive social norms  0.010 0.000 0.060 0.002 0.010 0.000 0.001 ns 

Environmental knowledge  0.335 *** 0.083 0.189 *** 0.035 0.079 *** 0.015 0.024 *** 

Education level  0.115* 0.005 −0.004 0.000 −0.061 * 0.004 0.005 ** 

Perceived behavioral control  0.026 0.000 0.084 * 0.004 0.062 * 0.005 0.001 ns 

Age  0.000 0.000 0.001 0.001 0.007 *** 0.042 0.008 *** 

Gender  0.043 0.001 0.185 *** 0.016 0.077 ** 0.007 0.004 * 

Income  −0.057 0.003 −0.016 0.000 −0.012 0.000 0.001 ns 

Multiple R2 (corrected R2)  0.40 (0.40) 0.41 (0.41) 0.36 (0.35)  

*** p ≤ 0.001, ** p ≤ 0.01, *** p < 0.05, ns = non-significant. Note. Names of predictors with significant 

effects aggregated over the three PEB-types (see Table 6) are printed in bold. 

A weaker interaction effect in the opposite direction was observed for green identity (η2 = 0.004, 

p < 0.05), which was in fact most strongly related to non-lighthouse private behaviors, followed by 

lighthouse private PEBs, and least strongly related to public sphere behaviors. Contrasts for the 

interaction effect showed significant differences in the b-weights of green identity for both lighthouse 

(p < 0.05) and non-lighthouse private PEBs (p < 0.01) compared with public sphere PEBs. 

We also found a significant interaction effect (η2 = 0.024, p < 0.001) between PEB type and 

environmental knowledge, the latter of which proved more important for the prediction of public 

sphere behaviors (b = 0.34) compared with lighthouse (b = 0.19) and non-lighthouse private PEBs (b 

= 0.08). A weaker (η2 = 0.005, p < 0.01) but somewhat parallel interaction effect was found for education 

level, which was positively and significantly related to public sphere behaviors (p < 0.05) but 

unrelated to lighthouse private behaviors and even significantly (p < 0.05) negatively related to non-

lighthouse private PEBs (see Table 7). 

A highly significant interaction effect was revealed for prescriptive social norms (η2 = 0.006, p < 

0.001), which were found to be a significant predictor for public sphere PEBs (b = 0.145, η2 = 0.01, p < 

0.001) but not for the two types of private behaviors. This finding clearly confirms Hypothesis 3 

regarding a strong influence of social norms in the public sphere but implies the rejection of 

Hypotheses 5, which assumed a similar difference between private lighthouse and non-lighthouse 

PEBs with respect to the influence of social norms. However, descriptively, the smallest b-weight of 

prescriptive norms was indeed observed for less socially salient non-lighthouse PEB (b = 0.005).  

The Hypotheses 2 and 4 had to rejected as there was no significant influence of descriptive social 

norms on any of the three types of PEBs. 

A significant interaction effect was also observed for age (η2 = 0.008, p < 0.001) which proved to 

be significantly and strongly positively related to non-lighthouse private PEBs (η2 = 0.042, p < 0.001) 

but unrelated to public sphere and lighthouse private behaviors. This latter finding was only partially 

consistent with bivariate correlations between age and the three types of PEBs that were additionally 

calculated. These bivariate correlations did not prove significant for the public sphere PEBs (r = 0.03, 

p = 0.272), showed a very small but significant positive correlation between age and lighthouse 

private PEBs (r = 0.08, p < 0.01) and revealed a more substantial and highly significant positive 

correlation between age and non-lighthouse private PEBS (r = 0.27, p < 0.001). The seeming 

inconsistency between a small but significant bivariate correlation between age and lighthouse 

private PEBs and a non-significant b-weight of age in the regression model for the lighthouse PEBs 

is not unusual, however, because manifold predictor variables contribute to the explanation of 

variance in the regression model and therefore can make the variable age redundant there. 

Finally, the repeated measurement ANOVA revealed a significant interaction effect for gender 

(η2 = 0.004, p < 0.05), whereby females displayed significantly more private sphere PEBs than males 

(both lighthouse and non-lighthouse), whereas no gender effect was observed for public sphere 

behaviors. Additional t-tests conducted to compare males and females in relation to the three types 

of PEBs were consistent with this latter finding, as depicted in Table 8 
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Table 8. Results of independent samples t-tests on gender differences in relation to the three types of 

PEBs (public, lighthouse private, non-lighthouse private) distinguished in this study. 

 Gender N M SD SE(M) t-value p 

Public sphere PEBs 
Male 616 2.47 1,01 0.041 −0.913 0.361 n.s. 

Female 590 2.52 0,96 0.040   

Lighthouse private PEBs 
Male 616 3.95 0,90 0.036 −5059 <0.001 *** 

Female 590 4.20 0,85 0.035   

Other private PEBs 
Male 616 4.73 0,58 0.023 −3837 <0.001 *** 

Female 590 4.86 0,53 0.022   

All PEBs 
Male 616 4.00 0,60 0.024 −4598 <0.001 *** 

Female 590 4.14 0,56 0.023   

***p ≤ 0.001, **p ≤ 0.01, ***p < 0.05, ns = non-significant. 

5. Discussion 

The findings on determinants of different types of PEB and corresponding differences are 

discussed primarily, followed by the implications for the further development of a general 

framework and integrative models of PEB. Then, consequences and possible applications with regard 

to policy measures, communication and environmental education are addressed, followed by a 

discussion of limitations of this study and future research needs. 

5.1. Distinct Types of PEB and Their Determinants 

This study started from Stern’s [20] general conceptual framework for environmental behavior 

models. By applying a PCA on a set of 23 PEBs, two principal components could be extracted that 

enabled the distinction of three types of PEBs: (i) public sphere behaviors that mainly indirectly 

impact the environment through social and political processes (as described by Stern); (ii) private 

sphere lighthouse PEBs that have a direct impact on the environment but also tend to be perceived 

by the social environment and thereby exert socially mediated impacts; and (iii) less socially salient 

(i.e., non-lighthouse) private sphere PEBs with a high level of privacy and direct impacts on the 

environment. Accordingly, Stern’s [20] classification was extended by distinguishing between 

socially salient private PEBs that are noticeable, have a clear environmental orientation, and send a 

pro-environmental message to others from highly private (i.e., non-lighthouse) PEBs. 

It turned out that general environmental attitudes proved to be more influential with respect to 

public sphere PEBs compared to both types of private sphere PEBs. This was expected because public 

sphere PEBs tend to be clearly and explicitly oriented towards achieving environmental and 

sustainability-oriented ends [20]. Hypothesis 1 was accordingly clearly confirmed by the data in line 

with previous empirical findings by Stern and colleagues [19], but partially inconsistent with a study 

by Ertz and colleagues [107]. However, the latter study addressed attitudes towards behaviors 

directly (ratings of importance and financial costs of the behaviors), whereas the current study 

measured general environmental attitudes. Therefore, it seems important to consider how attitudes 

are exactly measured and understood in future studies, which are needed to reconcile these findings. 

Furthermore, environmental attitudes turned out to be significantly more influential in relation 

to the lighthouse private sphere PEBs than for the non-lighthouse private sphere PEBs. A possible 

explanation for this could be that environmental concerns are more in the foreground of the more 

socially salient lighthouse PEBs compared to less socially salient private PEBs, because the 

environmental significance of a behavior may increase the social salience of a behavior since 

environmental topics and concerns are of great contemporary societal interest. Another reason could 

be that the large social salience of the lighthouse PEBs could increase the consistency between 

environmental attitudes and these behaviors based on social identity or impression management 

considerations [89,120,121]. However, both possible explanations seem a bit speculative and need to 

be regarded with much caution as further research is needed to clarify which of them may be 

functional. 
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Considering Hypotheses 2–5, which addressed the influence of social norms on PEBs, the 

findings were quite heterogeneous. The descriptive norms did not prove to be a significant predictor 

of any of the three types of PEBs that were distinguished in this study at all. Hypotheses 2 and 4 were 

thus not confirmed by the data. 

The subjectively perceived prescriptive pro-environmental social norms proved to be important 

determinants for engagement in public sphere PEBs, but showed no significant relation to either of 

the two types of private sphere PEBs. Accordingly, Hypotheses 3 was confirmed, whereas 

Hypothesis 5 had to be rejected. 

Both types of private sphere behaviors seemed accordingly not to be influenced by social norms, 

which contradicts findings of previous studies including large meta-analyses on the TPB [50,51]. A 

reason for this could be that studies applying the TPB have usually not included explanatory 

variables such as environmental knowledge, green identity, and justifications, which resulted as 

powerful predictors in this research. Eventually, these additional powerful predictors made 

perceived descriptive and prescriptive social norms redundant for the explanation of variance in 

private sphere PEBs in this study. 

Environmental knowledge resulted as the most important predictor of public sphere PEBs and 

was thus significantly more influential with respect to these public PEBs than with regard to both 

types of private PEBs. This finding is inconsistent with a finding by Liobikienė and Poškus [106], who 

found, on the contrary, action-related environmental knowledge to be significantly related to private 

sphere PEBs but not to public sphere PEBs. Different measures of knowledge may be underlying this 

seeming inconsistency as, contrary to the action-related knowledge assessed in the previous study, a 

general environmental knowledge measure was taken in this study. So, eventually, socio-political 

public sphere PEBs are influenced more strongly by general environmental knowledge, whereas 

more behavior specific knowledge is required for performing private sphere PEBs. 

Green self-identity was a stronger predictor for both types of private PEBs than for public sphere 

PEBs. This finding suggests that private sphere PEBs are more closely related to an individual’s green 

self-identity than public sphere PEBs, whereas strong pro-environmental attitudes are particularly 

important for politically supporting green values through public sphere actions and publicly 

noticeable private sphere lighthouse behaviors. However, it may be fruitful for future research to 

distinguish between a green self-identity referring to the private sphere (self-identity as a green 

consumer) and that referring to the public and political spheres—for example, a self-identity as a 

green pro-environmental communicator and activist, which combined together could ultimately 

represent a green citizenship self-identity [100,122]. 

A further important finding was that justifications of negative environmental behaviors were an 

equally strong negative determinant of all three types of PEBs, which confirms previous research 

suggesting that justifications should be integrated as a central structural component in psychological 

models of behavioral decision-making processes related to environmental behaviors [80–84]. 

A positive female gender effect on PEBs revealed in previous research [102,103] was only 

observed for the two types of private sphere behaviors in this study. This finding may be related to 

a general underrepresentation of females in the political sphere [123,124]. However, females engage 

in both types of private sphere PEBs significantly more frequently than males. 

An age effect was observed for less socially salient non-lighthouse private sphere behaviors; 

older people display such behaviors significantly more frequently than younger persons. However, 

no age effects were identified for more socially salient private lighthouse or politically oriented public 

sphere PEBs. The latter findings may seem surprising on first sight in light of the strong pro-

environmental political engagement that young people in Switzerland evinced in the months before 

this survey—for example, as part of the Fridays for Future movement. However, one needs to 

consider that most pupils participating in the Fridays for Future demonstrations are presumably 

younger than 18 years old and could therefore not be included in the sample of participants drawn 

for this study. 
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5.2. A Framework for Understanding Pro-Environmental Behaviors 

The explanative power of the integrative behavioral model considered in this study was 

represented by an adjusted multiple R-square value reflecting about 40% of the explained variance 

for public sphere and lighthouse private PEBs and 35% for the non-lighthouse private sphere PEBs. 

These values surpass the shares of variance in environmental behavior that are typically explained 

by the TPB, which is currently the most widely applied environmental behavior model. For example, 

Armitage and Conner’s [50] meta-analysis of 185 independent studies applying the TPB found that 

such models accounted for an average of 27% of the variance in diverse environmental behaviors. 

A considerable higher proportion of explained variance was expected in the current study for 

various reasons. Firstly, in addition to TPB variables such as attitudes, perceived behavioral control, 

and subjectively perceived norms, further psychological predictor variables such as justifications, 

green self-identity, and environmental knowledge and control variables such as gender and age were 

considered. Secondly, the dependent variables were represented in aggregated behavioral scales, 

which have a higher reliability than single item behavior measures and therefore could be more 

accurately predicted. However, studies addressing PEBs in general terms also have some major 

limitations. Constructs such as perceived behavioral control, social norms, or justification can 

comprise highly behavior-specific aspects that can only be addressed in an encompassing and 

detailed manner if they are investigated in specific contexts. Therefore, studies on specific 

environmental behaviors (e.g., littering, biking to work) are needed to understand the mental models 

and perceptions underlying certain behaviors and derive corresponding recommendations and 

measures to facilitate and promote their performance [82,125]. However, studies like that presented 

here that aim to explain and better understand PEBs in general and different types of PEBs are 

important in order to create a fundamental knowledge base that is transferable and adaptable to 

diverse specific behavioral domains. A combination of research into different types of PEBs and 

research into specific PEBs enables an improved understanding of these interrelated levels, which 

seems helpful for developing interventions to modify environmental behaviors and promote 

environmentally—and sustainability—oriented actions. 

5.3. Implications for Policy, Communication, and Environmental Education 

Rapid environmental changes highlight a need to move towards more pro-environmental 

behaviors. The identification of PEB determinants can reveal factors that can be influenced to promote 

behavioral change for enhancing environmental protections and sustainable development. Because 

multiple determinants exist and different intervention forms and strategies may be effective to tackle 

different behavior determinants, a multi-level approach toward behavioral change involving 

intervention mapping seems desirable [126,127]. Such mapping should relate intervention methods 

and strategies to their effects on behavioral determinants and actual behaviors. The results presented 

in this study support the development of such mapping, as they help explain the determinants 

underlying certain types of behaviors. Accordingly, interventions aiming to promote social norms 

(such as social marketing techniques, use of group dynamics, and peer group pressure) may be more 

effective to promote public sphere and private lighthouse behaviors, whereas promoting a green 

identity may be more successful for changing highly private behaviors. Furthermore, it needs to be 

acknowledged that measures and approaches addressing the multiple psychological determinants of 

behaviors must not rely solely on exclusively psychological approaches. Rather, comprehensive 

intervention mapping should acknowledge that encompassing behavioral change strategies need to 

combine economic, policy, and technological changes with psychological methods such as education 

and communication. Various interventions aiming at distinct psychological determinants need to be 

concurrently applied in order to create synergies for desired behavior changes. For example, 

justifications for ecologically harmful alternative behaviors and negative attitudes towards PEBs are 

sometimes based on the high costs and extensive efforts required for achieving certain PEBs such as 

buying organic food or traveling by train (instead of a plane) for a holiday trip [78,80,98]. Therefore, 

economic interventions (incentives, pricing) and logistic measures should be combined with 

communication and educational activities to improve attitudes and counteract justifications in order 
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to promote ecologically responsible travel modes and organic food consumption. Such examples also 

show that the development of measures for changing specific behaviors needs to be informed by 

specific contextual knowledge of the behavior in question. Nonetheless, some general policy 

implications can be derived from our results, which indicate that environmental knowledge, general 

environmental attitudes, green self-identity, and awareness of the consequences of our behavior are 

relevant determinants of PEBs that can be fostered through improved environmental communication, 

information, sensitization, and education [64,128]. Clearly, a more systemic perspective and a 

profound understanding between actions and their potential positive effects can help foster PEBs 

[97]. Experiential, constructivist, or project-based learning activities that actively engage learners in 

a supportive social context in which they experience autonomy and social recognition for their own 

competence and actions seem particularly suitable to synergistically promoting environmental 

attitudes and knowledge [129,130]. The social context merits special attention in such learning 

processes, as social interaction processes can motivate learning and help to convey sustainability-

oriented social norms, skills, competencies, and environmentally positive social practices to 

individuals [125,131–136]. In addition, the promotion of motivations and competencies for 

environmental citizenship behavior in the public sphere is an important aspect that currently seems 

to be underrepresented in both research and education programs relative to private sphere behaviors 

[52]. 

The results of our study suggest that policies might need to differentially facilitate the three types 

of behaviors given the distinctions identified between the determinants of public sphere, private 

sphere lighthouse, and private non-lighthouse PEBs. Whereas public and private sphere lighthouse 

behaviors are both strongly influenced by environmental knowledge and general environmental 

attitudes, private non-lighthouse PEBs are less controlled by prescriptive social norms and more 

strongly driven by individuals’ green identities. However, the influence of green identity on PEBs 

may not be unidirectional; via self-perception and the formation of habits, frequent performance of 

PEBs may in turn also promote green identity [125]. Accordingly, policy could promote green 

identities through incentives and the facilitation of PEBs, and it is important to offer options to 

enhance the implementation of green behaviors in this respect. Facilitating behaviors by removing 

barriers and restrictions and creating incentives and options may also be effective in overcoming the 

justification problem. Such measures seem promising as a means to complement communication and 

education approaches aiming to raise consciousness about the moral aspects of environmental 

behavior. It should be kept in mind that explicitly addressing justifications in environmental 

communication verbally may backfire, as they sometimes entail counterarguments that can be 

difficult to tackle and refute. Removing restrictions, creating better options, and establishing 

incentives for PEBs can more effectively counteract the root causes and claims of some justifications. 

5.4. Limitations and Future Research Needs 

One limitation of the current study is that, whereas some of the psychological predictor variables 

were measured by multiple item scales (general environmental attitudes, justifications), most 

psychological constructs were assessed through only one or two items. This distinction may have 

reduced the explanatory power of psychological constructs such as descriptive norms and positive 

affect, which were measured by only one item and found to be of minor importance as determinants 

of PEBs in this study. Future research should develop and employ scales for the measurement of all 

psychological constructs. Doing so was not feasible in this study, because it had to include some items 

serving other research purposes, and the number of items used to measure the predictor variables 

was therefore limited in order to not overload participants. For the same reason, the assessment of 

environmental knowledge relied on a single item measuring self-evaluated knowledge, which is a 

subjective measure that can be influenced by a social desirability and an overconfidence bias. A 

knowledge test comprised of multiple items is necessary to produce an objective measurement of 

environmental knowledge with satisfying reliability. 

The measures applied in this study enabled the formulation of a model with satisfying 

explanative power. However, various further studies that preferably use more objective measures for 
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environmental knowledge and more encompassing scales for measuring other predictors are needed 

to validate our findings and further develop environmental behavior models for different types of 

PEBs. In this context, the set of 23 PEBs could be enlarged in a future study. It is possible that a larger 

and (even) more diverse set of PEB items would result in the emergence of additional factors from a 

PCA so that additional PEB types and classification criteria could be identified. For example, Stern 

[20] suggested organizational behavior as a different type of environmentally significant behavior 

that may be distinguished and determined by specific predictors. 

A further limitation of the present study concerns the measurement of the PEBs. Separate scales 

with sets of corresponding behavior items and acceptable Cronbach’s alpha values were constructed 

for the three different types of PEBs (public sphere, lighthouse private sphere, non-lighthouse 

private). However, these scales measure self-reported behavior. Although such self-reports are 

usually substantially correlated with actual behavior, it is also known that the corresponding 

correlations are far from perfect and self-reports sometimes lack validity and may deviate from 

objectively observed behavior [55]. However, observing large sets of different behaviors of certain 

persons in different domains seems methodologically difficult. It seems more feasible to observe 

specific PEBs or PEBs in specific domains and connect those observations to an environmental 

behavior model. Multiple previous studies have searched for adequate models to explain specific 

behaviors (e.g., organic food purchases, recycling batteries) [51,58,80,81]; however, many of these 

works similarly relied on self-reported behavior. Therefore, more research that includes measures of 

observed behavior as dependent variable needs to be conducted to ensure that the psychological 

models possess a high external validity. Furthermore, the previous findings of studies on specific 

behaviors could be related to the typologies of PEBs developed by Stern [20] and extended in this 

study through an encompassing meta-analysis. 

6. Conclusions 

This study further elaborated the conceptualization of different types of environmental 

behaviors developed by Stern [20] by distinguishing between varying levels of social salience of 

private sphere behaviors. On this basis, the term of lighthouse PEBs was coined to denote private 

sphere behaviors that are highly noticeable in the social environment and thereby send a signal to 

others. At first sight, the notion of lighthouse private sphere behaviors may seem like an oxymoron 

because a lighthouse is everything but private. However, for example, if a homeowner of a family 

house in a small village makes the private decision to put up a large solar panel on their roof, this 

will be visible to others in the community and send a message indicative of the owner’s positive 

environmental attitudes. In contrast, if the same homeowner takes short, rather cold showers rather 

than long hot ones without announcing this to others, then this is a highly private PEB. Such examples 

demonstrate that the seeming oxymoron of private lighthouse behavior does indeed make sense, as 

private sphere behaviors may actually involve different levels of privacy, and this concept may 

ultimately prove to be fruitful for the further development of theories and typologies of 

environmental behaviors. 

Public sphere PEBs are a second focus of the typologies presented by Stern [20] and explored in 

this study, and the corresponding findings should raise the awareness of researchers and 

practitioners regarding specific aspects of these types of behavior. The authors perceive that previous 

research on environmental behavior has greatly focused on private sphere behaviors and that public 

sphere behaviors need to receive more attention in the future. Environmental citizenship behavior 

appears to be a promising concept connecting both public and private sphere PEBs and should 

accordingly be focused more strongly both in research and education [52]. 
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