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Abstract

The goal of this study was to identify the underlying latent dimensions that account for var-
iation in sustainable behaviors (SBs) among American adults. Our strategy was to assess
all of the SBs sampled in existing measures, as well as a number of other variables relevant
to individual differences in SBs, in a community sample (N =1234). Variation in SBs could
be accounted for by four broad dimensions: (1) goods, (2) food, (3) transportation, and (4)
engagement. These dimensions were related to a range of criterion variables involving val-
ues, attitudes, personality traits, and demographic characteristics. Some potentially impor-
tant and unique links with outcomes supported the importance of distinguishing the dimen-
sions that underlie SBs. This work provides an evidence-based organizational scheme for
SBs in future studies and points to important new directions in research on individual dif-
ferences in proenvironmental behavior.

Keywords Environment - Sustainability - Climate change - Individual differences -
Attitudes - Personality

1 Introduction

Because climate change is a major threat to human welfare (Lamb & Steinberger, 2017;
Obradovich et al., 2018), it is in humans’ interest to mitigate this threat via more sustain-
able behavior (SB; Clayton & Brook, 2005; Saunders, 2003). Most global interventions
aimed at increasing SBs, like tax (Avi-Yonah & Uhlmann, 2009), education (Monroe et al.,
2019), or waste management (Barr, 2004) programs, focus on the population level. Psycho-
logical research can contribute to addressing the challenge of climate change by generat-
ing knowledge about why people do or do not behave sustainably and identifying ways
to encourage SBs at an individual level (Nielsen et al., 2021; Wynes & Nicholas, 2017).
However, while a large amount of evidence has been accumulated about SBs (Clayton &
Manning, 2018; Ivanova et al., 2020), the effects of individual interventions to increase
SBs have been somewhat disappointing (Nisa et al., 2019).
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The premise of this study is that a model of the underlying dimensions of the broad
range of individual behaviors that impact the climate would be a powerful tool for concep-
tualizing and measuring individual differences in SBs. Such a tool could be used to under-
stand the covariation of SBs with one another, harmonize previous studies examining SBs,
generate content-valid measurement instruments for studying SBs, examine differences in
the nature of SBs across cultures and contexts, establish the psychological correlates of
different types of SBs, evaluate the sensitivity of different types of SBs to different types
of interventions, and test hypotheses about personalized approaches to encourage proen-
vironmental behavior. In this study, principles of construct validation (Loevinger, 1957)
were used to identify the dimensions that underlie the wide array of ways that people may
behave sustainably and to examine the psychological correlates of those dimensions.

1.1 Measuring sustainable behaviors

The most common way to assess SBs in this literature is by surveying people about how
often they engage in them. Lange and Dewitte (2019) recently identified dozens of SB
questionnaires. By and large, these measures have used one of three approaches to con-
ceptualize variation in SB content. In the first approach, researchers focus on one SB or a
small set of SBs that are relevant to their specific research question. For instance, Jalil et al.
(2020) tested the impacts of an intervention designed to increase plant-based diets. They
found that a brief workshop on the climate impacts of eating meat had a significant albeit
small effect on meat purchasing among college students that persisted for a full academic
year. In this project, meat purchasing behavior was an appropriately narrow measure of
SBs given the study aims.

In the second approach, researchers aggregate a number of different SBs into a single
score (Brick et al., 2017; Casey & Scott, 2006; Kaiser, 1998). This approach is supported
by research suggesting a rather strong correlation among different types of SBs (Kaiser
& Wilson, 2004). However, it has the downside that potential differences in types of SBs
cannot be identified when various kinds of SBs are aggregated. For instance, this kind of
model assumes that people who go out of their way to recycle will also tend to eat plant-
based foods, take public transportation rather than private automobiles, and vote for
pro-environmental legislation, even though some people may differ in their likelihood to
engage in these different SBs.

In the third approach, researchers use combinations of rational and empirical methods to
cluster SBs together in scales based on their content (Gilg et al., 2005; Karp, 1996; Larson
et al., 2015; Markle, 2013; Stern et al., 1999). For instance, Green-Demers et al. (1997)
distinguished recycling, purchasing environmentally friendly products, and self-education
SBs, whereas Li & Kallas (2021) differentiated between SBs that are costly versus those
that are costless. In the most thorough model to date, Markle (2013) organized items from
49 independent questionnaires of environmental behavior into 19 distinct SBs that clus-
tered empirically into four dimensions: Goods (Conservation), Food, Transportation, and
Engagement (Environmental Citizenship). Based on these findings, we used these four
dimensions, described in more detail presently, to structure the introduction and hypoth-
eses of the current report.

Goods. Goods represent a broad class of consumption, use, and waste elimination
behaviors having to do with how people interact with the things they buy. Generally speak-
ing, the less people buy (Dietz et al., 2009; Swim et al., 2011) and the less they waste (Ack-
erman, 2000; Koop & van Leeuwen, 2017), the more they promote sustainability. These
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different kinds of behaviors are sometimes distinguished in studies of SBs. For instance,
from a set of 50 SBs, Kaiser and Wilson (2004) distinguished energy conservation, waste
avoidance, recycling, and consumerism. However, in that study, the correlations between
these sets of behaviors were generally >0.50, leading the authors to conclude that there
was very marginal utility in distinguishing between these dimensions rather than treating
them as a single factor.

Food. Food is a consumption behavior that can be distinguished from general purchas-
ing behaviors because of the unique and important role agriculture plays in climate change.
Variation in agricultural practices, and in particular animal agriculture, can have a dramatic
impact on greenhouse gas production both because of emissions from animals and the rela-
tive inefficiency of growing animals who must eat plants to grow (Domingo et al., 2021;
Godfray et al., 2018; Shepon et al., 2018). Humans typically eat multiple meals a day; thus,
food choices have a consistent effect on the environment. Most economic markets offer
options to buy local and seasonal food, eat plant-based food, and consume foods that were
produced sustainably (Verain et al., 2021), and people vary in the degree to which they
make these choices. Food-related behaviors are thus likely to emerge as a factor in multidi-
mensional models of SBs (e.g., Markle, 2013).

Transportation. People typically move from place to place on a daily basis, and they
have a number of options for how to do that, depending in part on where they live and
where they are going. Choices about which options to take can have a stark impact on
climate footprints. Whereas fuel-burning cars and planes are a major contributor to cli-
mate change, walking or biking has relatively little negative climate impact (Maibach et al.,
2009). Other behaviors, like using public transportation, regular automobile maintenance,
or alternative fuels can appreciably reduce climate impact (Ivanova et al., 2020). Mobil-
ity was not only an independent dimension in Markle (2013), it was also the most dis-
tinct dimension to emerge in the Kaiser and Wilson (2004) study of SBs, suggesting that
transportation behavior may emerge as a separate factor in relation to other sustainability
variables.

Engagement. Engagement involves activities such as participation in environmental
organizations, work for environmental causes, communication and persuasion activities,
and charitable giving. Engagement is qualitatively different from the other variables listed
above in that it has indirect rather than direct impacts on sustainability. However, these
kinds of behaviors demonstrate an active interest in environmental causes and people who
engage with this issue indirectly might also be expected to also have the highest level of
SBs and influence others (Cogut et al., 2019; Narksompong & Limjirakan, 2015).

1.2 Structure of sustainable behaviors

The periodic table of the elements exemplifies the value of a coherent and comprehensive
model of how different variables fit together. Such a model ensures that all of the content
(i.e., variables) within a system is accounted for and that the relations among all of the var-
iables within the system are specified. This, in turn, leads to a coordinated and integrated
framework for examining issues such as what causes their variation, how they change over
time, and how they are related to various outcomes (Loevinger, 1957). In other areas of
psychology, using empirical methods to map the structure of a system of variables has led
to significant impact and advance. In personality psychology, thousands of human-descrip-
tive terms in the English dictionary were identified and systematized empirically (Allport
& Odbert, 1936). In psychopathlogy, a similar process was applied to all of the symptoms
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in the psychiatric diagnostic manual (Krueger et al., 2018). In both of these examples, a
progression of factor analytic studies conducted over many decades yielded to a highly
replicable structure, which in turn was used to generate measures that contributed to a
robust literature on the sources, development, and correlates of personality (Bleidorn et al.,
2021a, b; Soto, 2019; Wagner et al., 2020) and psychopathology (Conway et al., 2019;
Krueger et al., 2018; Olino et al., 2018) variables.

As described above, Markle (2013) provided arguably the strongest evidence to date
regarding the empirical structure of individual differences in SBs. However, it is worth
noting that in both personality and psychopathology research, the nature and structure of
variables were only established by multiple independent efforts, each of which built upon
the next (Goldberg, 1993). The current study was designed to build upon Markle (2013)
and similar efforts in three ways. First, the content identified by Markle was expanded to
include an even wider range of SBs. Doing so raises the possibility of identifying addi-
tional dimensions and helps evaluate where SBs that have not been examined in multi-
dimensional studies fit within the overall structure. Second, a model was generated that
was as inclusive as possible, in contrast to the relatively brief (19-item) scale generated
by Markle (2013). Brief scales have virtues, in that identifying the core markers of each
dimension is helpful for creating robust and efficient tools. However, longer scales increase
content validity by ensuring that a wide variety of items are included, and can help increase
the reliability and validity of the resulting measurement model. This can help with the third
innovation, the examination of the external validity of the resulting scales against a wide
array of correlates. This is generally considered the last step in construct validation, criti-
cal for explicating the nature of the variables identified via structural analysis (Cronbach
& Meehl, 1955). The next section briefly reviews previous research on correlates of SBs.

1.3 Correlates of sustainable behaviors

Several psychological domains have shown robust patterns of association with individual
differences in SBs, in general. One of the strongest and most consistent predictors in the
literature is pro-environmental attitudes and concerns about the environment (Balderjahn
et al., 2013; Bleidornet al., 2021; Dunlap et al., 2000; Grob, 1995; Hines et al., 1987). It is
possible to identify facets of sustainable attitudes (Milfont & Duckitt, 2010), but these fac-
ets tend to be highly correlated, have similar correlations with criterion variables and thus
can be treated as a single factor, particularly when the primary goal is to identify general
correlates of proenvironmental attitudes (Dunlap et al., 2000).

A variety of demographic variables have also been identified as predictors of SBs. Stud-
ies consistently find that women are more likely to engage in SBs than men (Ajibade &
Boateng, 2021; Meyer, 2016; Patel et al., 2017) and that higher socioeconomic status (SES)
is positively associated with SBs (Balderjahn et al., 2013; Gelissen, 2007; Marquart-Pyatt,
2008). Age is more ambiguous. Some studies suggest that younger people are more likely
to engage in SBs (Ajibade & Boateng, 2021; Gilg et al., 2005; Kaiser & Wilson, 2004) and
others that age is positively associated with SBs (Wiernik et al., 2013). This discrepancy
may be due to differential correlations of age with different types of SBs.

Personality traits are reliably correlated with SBs (Bamberg & Moser, 2007; Brick &
Lewis, 2016; Hines et al., 1987; Hopwood et al., 2021; Markowitz et al., 2012; Milfont,
2021; Nielsen, 2017). Soutter et al. (2020) meta-analytically synthesized this literature.
They reported positive correlations between SBs and the personality traits agreeable-
ness, openness, extraversion, honesty/humility, and conscientiousness. Higher levels in in
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well-being and life satisfaction have also been connected to higher rates of SBs (De Neve
& Sachs, 2020).

Motivation and values are also consistently related to SBs (Black et al., 1985; De Groot
& Steg, 2010; De Young, 1985; Green-Demers et al., 1997; Guagnano et al., 1995; Harland
et al., 1999; Pelletier et al., 1998; Thggersen & Olander, 2006). This includes generally
prosocial motives and values (Pepper et al., 2009; Schwartz, 1977) as well as motives and
values that are more explicitly related to the environment (Ajzen, 1991; Gilg et al., 2005;
Mayer & Frantz, 2004). Awareness or knowledge about environmental issues is another
factor that has been linked to SBs (Zso6ka et al., 2013). Finally, politically liberal people
tend to be more likely to support climate change policies and engage in SBs than conserva-
tives (Gilg et al., 2005; Grob, 1995; Hall et al., 2018; Hines et al., 1987).

1.4 Discriminant validity of sustainable behavior dimensions

One advantage of identifying the underlying dimensions of SBs is the possibility of articu-
lating different patterns of association between predictors and different dimensions of SB.
Doing so would help generate a more precise account of the causes of variation in SBs
across individuals and groups and could be used to tailor interventions to target certain
classes of behavior. There is some evidence that different types of SBs are related to other
individual differences characteristics. For instance, Ferguson et al. (2019) found that proso-
cial behaviors, including those related to sustainability, could be distinguished as costly
(e.g., donating time or money to charity) vs. costless (e.g., donating unwanted clothes or
toys to charity) via factor analysis, and that the resulting dimensions had different pat-
terns of correlation with personality traits. Specifically, people high in openness were more
likely to engage in costless behaviors, whereas people high in agreeableness were more
likely to engage in costly behaviors. Gatersleben et al. (2002) found that attitudes were
stronger correlates of pro-environmental behaviors outside the household, such as recy-
cling, than household energy use, which was predicted more strongly by SES. Pepper et al.
(2009) found a similar effect: frugal behavior with positive implications for the environ-
ment were related to income, whereas socially conscious behavior was related to prosocial
values. As evidenced by these examples, conceptualizing and assessing SBs in terms of its
underlying dimensions promise to offer a more nuanced understanding of the unique ways
in which individual difference variables predict specific types of SBs.

1.5 The current study

Our first aim was to examine the structure of SBs. Based on findings from Markle (2013),
we expected a four-factor model of sustainable behaviors with dimensions reflecting goods,
food, transportation, and engagement. Our second aim was to examine correlates of SB
dimensions. We expected all four SB dimensions to correlate positively with younger age,
being a woman, higher SES, agreeableness, openness, environmental motives for plant-
based eating, environmental motives, environmental values, connectedness to nature, envi-
ronmental knowledge, and liberal political views.

We also classified each SB as either costly or costless prior to data collection, in order
to test the differential associations of costly and costless SBs with criterion variables. We
expected costly items to be negatively related to extrinsic environmental motivation. Fol-
lowing Ferguson et al. (2019), we also expected costly behaviors to be positively associated
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with compassion, politeness, and assertiveness, and we expected costless behaviors to be
positively associated with intellect, politeness, and low industriousness.

Finally, we examined discriminant validity with a specific focus on the food dimension.
We expected speciesism, meat eating motives, and vegetarian motives to be more strongly
related to SBs involving food than to other kinds of sustainable behaviors. We planned to
explore other potential patterns of discriminant validity with regard to SB dimensions.

2 Methods

Hypotheses and methods for this study were preregistered at https://osf.io/qSw8d/?view_
only=9de49cc0e5544be7ab11cafae594f653. Participants were 1247 US individuals
recruited through the survey platform Prolific. A sample size of 960 provides 80% power to
find bivariate correlations >0.10 and would be sufficient for item-level factor models with
100 items (10 participants per item). People were removed if they failed more than two
attention checks and completed the study in <5 min, resulting in a sample size of 1234.
Participants were paid $7.50 for participating. The sample were 49.84% women, 48.46%
men, and 1.30% non-binary; M,,,=46.27, SD,,=16.05; 56.56% Democrat, 23.09%
Republican, 1.86% libertarian, 1.05% green party, 17.34% independent or nonaffiliated.

Socioeconomic Status (SES) was measured by education status, employment status, and
personal and household income. Of the total sample, 16% had not graduated from high
school, 29.25% earned a high school diploma or equivalent, 39.22% of people earned an
associate’s or vocational degree, 20.34% earned a bachelor’s degree, 4.13% earned a mas-
ter’s degree, and 6.56% earned a doctorate. For employment, 50.24% participants were
employed full-time, 15.56% employed part-time, 5.67% seeking employment, 28.36%
unemployed. For personal income, 37.44% of participants earned $50,000 or more annu-
ally. For household income, 60.13% of participants earned $50,000 or more annually.

2.1 Measures

Sustainable Behaviors. The literature on SBs was reviewed to construct as comprehensive
a list of as possible for this study (i.e., measures reviewed in Lange & Dewitte, 2019, as
well as from Balderjahn et al., 2013; Brick & Lewis, 2016; Gatersleben et al., 2002; Gilg
et al., 2005; Geiger et al., 2018; Green-Demers et al., 1997; Hall et al., 2018; Markowitz
et al., 2012; Soutter et al., 2020; Verain et al., 2021). Our list included 97 items, which were
arrayed into goods, food, transportation, and engagement categories. Each item was rated
on a 7-point Likert scale. Psychometric details about this measure can be found below.

Sustainable Attitudes were measured using 7 items created for this study. Based on find-
ings from Dunlap et al. (2000) sustainable attitudes were expected to form a single factor,
as indicated by only one eigenvalue that exceeds random values from a parallel analysis
in an item-level factor analysis and strong positive loadings of all items onto that factor.
The first eigenvalue from an Exploratory Factor Analysis was 4.69, second was 0.35. All
loadings were >0.70. This result confirmed that a single factor could be used to represent
sustainable attitudes (w,=0.83).

The Big Five Aspect Scale (BFAS; DeYoung et al. 2007) is a measure of personality
traits with 100 items answered on a 5-point Likert scale. It measures two aspects of each
of the big five domains of personality: Neuroticism (Volatility w,=0.82 and Withdrawal
o, =0.73), Extraversion (Enthusiasm w,=0.66 and Assertiveness w,=0.85), Openness
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(Intellect w,=0.65 and Curiosity o, =0.62), Agreeableness (Compassion ®,=0.80 and
Politeness w,=0.66), and Conscientiousness (Industriousness ®,=0.81 and Orderliness
0, =0.62).

Speciesism (Caviola et al. 2018; w,,=0.79), the belief that humans are superior to
non-human animals, was measured with 6 items responded to on a 7-point Likert scale.

The Motivations to Eat Meat Inventory (MEMI; Hopwood et al., 2021) was used
to measure Natural (w,=0.81), Normal (w,=0.75), Necessary (w,=0.85), and Nice
(w,=0.87) motives for eating meat. The 19 MEMI items are responded on a 7-point
Likert scale.

The Vegetarian Motives Inventory (VEMI; 15; Hopwood et al., 2020) was used to
measure Health (0, =0.90), Environmental (0,=0.89), and Animal Rights (0, =0.88)
motives to adopt or consider a plant-based diet. Its 15 items are responded to on a
7-point Likert scale.

Dietary Pattern was measured by asking people how often people ate red meat, pork,
chicken, fish or seafood, dairy, or eggs.

The Social and Economic Conservatism Scale (12; Everett, 2013; ©,=0.63) is a
12-item measure of liberalism-conservatism with attitudes about different political
issues rated on a 0 (liberal) to 100 (conservative) scale.

The Satisfaction with Life scale (SWL; Pavot et al. 1991; w,=0.83) is a five-item
measure of life satisfaction with a 7-point Likert response scale.

Environmental Literacy was measured with 8 items taken from the Assessment of
Sustainability Knowledge survey (Zwickle et al., 2014; w, =0.56). Each item asks a fac-
tual question with one correct answer; 5 options are given. Scores reflect the number of
correct answers.

General values were measured with 8 pairs of items from the Schwarz values set
based on the results of Pepper et al. (2009) Each set was composed of 2 values, and each
pair of values was rated on a 1-10 scale. Given the potential for ceiling effects on values
scales, respondents were asked to spread their answers around so that different values
received different scores.

Environmental values were measured with 10 items from Gilg et al. (2005). These
items were separated into Faith in Growth (i.e., the belief that humans should do with
nature what they please, 5 items, o, =0.53), and Biospherism (i.e., the belief that the
balance of nature should be protected, 5 items, o, =0.69) scales.

To measure Environmental Motives, a measure of Extrinsic (3 items, o =0.81),
Intrinsic (4 items, o, =0.91), and Social (4 items, o, =0.85) motives for sustainable
behaviors was created for this study. Items were responded to on a 5-point Likert
response scale.

The Connectedness to Nature Scale (CNS; Mayer & Frantz, 2004; w,=0.20) is a
14-item measure of one’s feelings toward nature and the environment, with items rated
on 5-point Likert scale.

The Conscientious Responders Scale (CRS; Marjanovic et al., 2014) is a five-item
validity scale designed to detect random or inattentive responding. Items are rated on
a 7-point Likert scale in which one particular score is correct. Given that the items are
designed to measure random responding, internal consistency is not a relevant esti-
mate of reliability and was not computed. Participants with incorrect scores on more
than 2 items (N=4) or who took less than 5 min to respond to the survey (N=9) were
excluded.
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2.2 Analyses

Analyses described in the Results section in the context of each specific hypothesis. All
analyses were conducted in R (R Core Team, 2021) and Mplus (Muthén & Muthén, 2017),
and all data are available at https://osf.io/Sr9ac/?view_only=9de49ccOe5544be7abl 1cafae
594£653. The ‘MplusAutomation’ package for R was used to conduct all Mplus analyses
(Hallquist & Wiley, 2018). Two-tailed tests at p <0.01 with Holms’ correction were used
to determine the significance of correlations and the significance of differences between
dependent correlations.

3 Results

All items designed to measure sustainable attitudes and behaviors had sufficient variance
(SD>0.10).

3.1 Structure of sustainable behaviors

Our first aim was to examine the structure of SBs. As described above and in our preregis-
tration, we expected a 4-factor model of SBs with dimensions reflecting goods, food, trans-
portation, and engagement. This model was tested using exploratory structural equation
modeling (ESEM) with target rotation. Factors were extracted if they exceeded random
values from a parallel analysis, and trimmed based on weak primary loadings (i.e., < 0.40)
and excessively high cross-loadings (i.e.,<0.10 smaller than primary loading). This was
done in an iterative manner to identify an optimal solution.

A target-rotated 4-factor ESEM was fit with all 97 items. Pattern coefficients for this
model are found in Table S2 (Supplemental Materials can also be found at https://osf.io/
8hbnw/?view_only=9de49cc0e5544be7ab11cafae594f653). Upon inspection of the results,
28 had weak primary loadings (i.e.,<0.40) on intended factors and high cross-loadings
(within 0.10) on unintended factors, leaving a total of 69 items. However, removing all
28 items would have resulted in a food factor with only 2 items. Given the goal of creat-
ing robust dimensions for each factor, 5 food factor items with loadings > 0.30 in the ini-
tial model (Buy organic produce, Buy food from a local store, Buy fair trade food, Buy
products in refillable packages, Buy food with eco-labels) were reintroduced. A 4-factor
ESEM with these 74 items had two items (Buy food from a local store; Buy goods from
a local store) with cross-loadings within 0.10 of the primary loading. These items were
removed, resulting in 72-item 4-factor ESEM. This model had adequate fit (CFI=0.89 and
RMSEA =0.07). The items, pattern coefficients, and omegas for each scale (Goods [29
items], Food [6 items], Transportation [6 items], and Engagement [31 items]) are found in
Table S1; items and pattern coefficients are also depicted in Fig. 1. This model was used to
examine correlates of SBs. Excluded items are found in Table S3.

3.2 Correlates of sustainable behavior dimensions

Our second aim was to correlate sustainable attitudes and the SB dimensions described
above with external correlates. Results are depicted in Table 1. As predicted, younger peo-
ple had higher scores on Environmental Attitudes and the Food and Engagement SB fac-
tors. However, contrary to our hypotheses, younger people had significantly lower scores
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Fig. 1 Items for four sustainable behavior factors. All items in black font were retained; items in gray font
were excluded. Bars indicate the strength of the pattern coefficient. Items with loadings > .40 that were not
excluded had cross-loadings that exceeded the pre-registered threshold. Items with loadings < .40 that were

included were retained to support the content validity and breadth of scales

for Goods, and the correlation with Transportation was not significant. Also contrary to our
predictions, gender was unrelated to sustainable attitudes or behaviors.

We hypothesized that SBs would be related to higher SES, as indicated by personal
income, household income, education, and employment status. All four SES indicators
were positively correlated with the Food and Engagement factors. Only education was
associated with Sustainable Attitudes, only personal income and education were associated
with Goods, and only household income was (negatively) associated with transportation.

We hypothesized that the personality traits Agreeableness and Openness would be posi-
tively related to SBs. Agreeableness was related to Sustainable Attitudes and to the SB
Goods factor, but not to the other three factors. However, this pattern was due, in part,
to differences in the Agreeableness aspects Politeness and Compassion. Specifically,
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Fig. 1 (continued)

Compassion was positively correlated with Sustainable Attitudes as well as the Goods and
Engagement SB factors, whereas Politeness was positively correlated with the Goods fac-
tor but negatively correlated with Engagement and Food factors (the correlation between
Compassion and the Food factor was positive but not significant). Openness was related
to all SBs other than Transportation. However, again the association with Transportation
could be explained by variation at the level of aspects. Whereas the Curiosity aspect was
positively correlated with the SB Transportation factor, the Intellect aspect was not.

There were also personality effects that were not hypothesized. Higher Neuroticism was
associated with lower scores on the SB Goods and Food factors. Both aspects of Extraver-
sion were positively correlated Sustainable Attitudes and all of the SB factors other than
Transportation. The two aspects of Conscientiousness had different patterns of correlates
with sustainable attitudes and behaviors. Industriousness was positively correlated with the
Goods, Food, and Engagement SB factors, whereas Orderliness was only positively cor-
related with the Goods factor.

We expected environmental motives for plant-based eating to be related to sustainable
attitudes and all four SB dimensions, and this hypothesis was confirmed. We had the same
hypothesis for intrinsic and social motives for sustainable behavior. Intrinsic Motives were
related to Sustainable Attitudes and all four SB dimensions and were more strongly related
than Extrinsic or Social motives. Social Motives were correlated with Food, Transporta-
tion, and Engagement behaviors, but not to the Goods dimension or Sustainable Attitudes.
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Fig. 1 (continued)

Our measure of Extrinsic Motives asked respondents if they would engage in SBs only if
it was cheap, easy, or rewarded. As expected, Extrinsic Motives were negatively related to
Sustainable Attitudes and all SB dimensions except Transportation.

We expected environmental values (Biospherism) to be positively related to Sustain-
able Attitudes and all four SB dimensions, and this hypothesis was confirmed. In con-
trast, the Faith in Growth value was negatively associated with Sustainable Attitudes, but
positively correlated with Food and Engagement SB dimensions. General values showed
a range of correlates with sustainable attitudes and behaviors. As predicted, the strongest
and most consistent of these correlates were with values involving Social Justice and the
Environment.

Environmental Knowledge was positively related to Sustainable Attitudes and the
Goods dimension, but negatively related to Food and Engagement dimensions and unre-
lated to Transportation. Connectedness to Nature was associated with Sustainable Atti-
tudes and all four SB dimensions, as predicted. Finally, Political Conservatism and
identifying as Republican were negatively related to Sustainable Attitudes and the Trans-
portation dimension. Republican identification was also negatively related to Engagement.
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Fig.1 (continued)

Non-hypothesized associations were observed between Life Satisfaction and the Goods,
Food, and Engagement dimensions.

3.3 Correlates of costly vs. costless sustainable behaviors

We expected costly and costless items to be differentially related to the Intrinsic Environ-
mental Motivation scale. Following Ferguson et al. (2019), we also expected costly behav-
iors to be predicted by Compassion, Politeness, and Assertiveness, and costless behaviors
to be predicted by Intellect, Politeness, and low Industriousness. All sustainable behavior
items were classified as costly or costless prior to data collection (see preregistration) and
correlated the totals of these item sets with these preregistered variables (Table 2). Both
costly and costless SBs were positively related to Intrinsic Environmental Motivations,
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Table 2 Correlates of costly vs.

costless sustainable behaviors Costly Costless

r 95% C1 r 95% C1
Intrinsic motivation 45 37, .52 43 .36, .50
Assertiveness 41 33, .48 17 .10, .24
Intellect 28 .20, .36 .26 .18, .34
Compassion .20 12, .27 25 17, .33
Politeness -.13 -.20,-.07 18 11, .26
Industriousness 28 .20, .36 .6 .18, .34

Bold values indicate significance at p <.01 after using Holm-correc-
tion for multiple testing

Compassion, assertiveness, Industriousness, and Intellect and negatively related to Extrin-
sic Motivations. The only pattern in which there were different associations was that Polite-
ness was positively associated with costless but negatively associated with costly SBs.
Overall, these results do not support a consistently differential pattern between costly and
costless SBs with personality traits or environmental motivations, although they do suggest
a more specific effect in that polite people tend to engage in SBs only to the extent that they
are costless.

3.4 Specificity of sustainable food behavior associations with eating motives

Several measures related to eating motives were used to provide a more focused test of the
discriminant validity of SB dimensions (Table 3). We reasoned that people who behave
sustainably in terms of food might do so in part because of other food-related motives, such
as social justice or animal rights. We therefore predicted that Speciesism and vegetarian
motives would be more strongly related to sustainable behaviors involving food, as well as
the overall amount of meat eating, than other kinds of sustainable behaviors.

As predicted, Speciesism was positively and vegetarian motives were negatively related
with eating animals, whereas meat eating motives were positively related with eating ani-
mals. However, the Food SB factor was the only dimension that Speciesism was not nega-
tively related to. Health, Environmental, and Animal Rights motives to be vegetarian were
all positively associated with all four SBs, with the exception of the Health Motive and the
Transportation factor. The Health Motive was also unrelated to eating meat (see also Hop-
wood et al., 2021). There were a few non-hypothesized associations between motivations
to eat meat and SBs. Overall, there was no support for the specificity of food-related SBs to
measures of vegetarian dietary motivation.

4 Discussion

The overall goal of this study was to generate a model of individual differences in sustain-
able behaviors with three features. First, it should be relatively comprehensive in covering
the wide range of behaviors on which people vary in ways that can impact climate change.
Second, it should be structured around underlying dimensions that meaningfully cluster
these behaviors together. Results supported a preregistered structure with four dimensions
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reflecting goods, food, transportation, and engagement. Third, it should generate psycho-
logical profiles linking different demographic, personality, motivational, and attitudinal
features to each dimension, specifically. Correlations with a range of criterion behaviors
helped us articulate the psychological profile of each of the sustainable behavior dimen-
sions. This study provides an organizational foundation for future research on sustainable
behavior, while also highlighting the need for further work in this area.

4.1 Potential benefits of a generalizable structure of sustainable behaviors

As predicted, four underlying dimensions were identified from among sustainable behav-
iors (SBs), indicating that variation in sustainable behaviors can be organized into goods,
food, transportation, and engagement factors (Fig. 1, Table S1). Goods involves 29 behav-
iors related to purchasing, reusing, and recycling a variety of goods, such as household
items or clothes. Food includes 6 behaviors including purchasing and eating plant-based,
local, and organic food. Transportation has 6 behaviors involving making tradeoffs, such as
public or low-carbon transportation rather than fuel-based cars or avoiding flights. Finally,
the 31 engagement behaviors include voting for green policies or candidates, volunteering
or donating to proenvironmental causes, or promoting such causes publicly.

Understanding how SBs covary with one another has a variety of potential benefits for
future research. First, knowledge of the underlying structure of SBs can be used as a basis
for constructing tools to measure proenvironmental behavior in different contexts. A com-
plexity of work in this area is that different kinds of behaviors will tend to be most impor-
tant for the environment in different settings. For instance, whereas mode of transporta-
tion might be a particularly important indicator in an urban setting where there are options
for different choices, in rural settings where automobiles are essential for daily living,
and thus, nearly all people own an automobile, this might not be an effective indicator of
one’s disposition toward the environment given that specific indicators are not necessarily
transferable from one setting to another. Identifying underlying latent dimensions allows
researchers to focus on the latent psychological features that give rise to contextualized
behaviors, and thus provides an evidence-based conceptual model with which to identify
and organize the kinds of behaviors that may be relevant for a certain context. For instance,
in urban settings, it may be more relevant to ask questions about mode of transportation
(e.g., public vs. personal), whereas in rural settings, it may be more relevant to ask about
type (fuel efficient vs. inefficient automobile).

Such a model also permits comparisons of results across existing studies by abstracting
away from how specific behaviors relate, toward these underlying dimensions. Rather than
examining how specific behaviors vary across contexts, it may be more useful to compare
levels of the latent traits identified in this study. Future work should test whether levels of
latent traits, which may be organized around the four dimensions in the current data but
have different specific indicators appropriate to their context, are better predictors of other
environment-relevant behaviors than manifest indicators that are common across contexts.
Using the example above, it may be that information is lost when people in very different
environments are compared using specific behaviors like whether or not they own an auto-
mobile, whereas more reliable information is gained when they are compared on a latent
factor that measures the ways in which they choose means of transportation that are suited
to their specific environment but limit climate impact.

Such a tool could be used to understand the covariation of SBs with one another, har-
monize previous studies examining SBs, generate content-valid measurement instruments
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for studying SBs, examine differences in the nature of SBs across cultures and contexts,
establish the psychological correlates of different types of SBs, evaluate the sensitivity of
different types of SBs to different types of interventions, and test hypotheses about per-
sonalized approaches to encourage proenvironmental behavior. Importantly, given that dif-
ferent kinds of behaviors may be relevant in different settings, a model focusing on latent
variables diminishes the importance of any specific set of manifest indicators. Thus, dif-
ferent combinations of indicators that are most relevant for a given context can be used,
rather than the specific indicators identified here. In other words, the overall take home of
this study is that four latent dimensions likely explain covariation in comprehensive mod-
els of sustainable behaviors, not that all of the specific indicators identified here should be
expected to generalize across all settings.

Finally, this four-dimensional model could be useful for understanding the specific
impacts of interventions and policy designed to curb climate change. For instance, inter-
ventions could be organized around the generalizable dimensions identified here but tai-
lored to target certain kinds of SBs that are relevant to the local context. These dimensions
could also be used to identify people who are more likely to engage in certain kinds of
SBs, and thus to test moderators of interventions. Finally, this four-dimensional organiza-
tion of behaviors could be used to generate measures of the outcomes of interventions.

4.2 Complexity in the structure of sustainable behaviors

Although this study provides a strong foundation for these kinds of applications, there was
notable complexity in our findings. First, many more items were identified for the goods
and engagement factors than for the food or transportation factors. This may be due to the
fact that sustainable food-related behavior and transportation-related behavior are relatively
narrower constructs, and thus, fewer behaviors fall within those rubrics. However, it may
also be the case that food-related sustainable behavior can be considered a specific facet of
goods. Although this was not supported by the low correlation between the food and goods
factors, this could have been due in part to our selection of items, in which several items
that loaded on both of these factors were systematically removed.

The 25 items that did not survive our modeling strategy also indicate some complexity
with regard to the structure of SBs. The exclusion of these items from our model had to
do with our desire to identify distinct dimensions, not their relevance to proenvironmental
policy. As described above, these items were largely trimmed because they loaded on mul-
tiple factors. However, an EFA of the original item pool did suggest more than four factors
(see Table S4 in the supplementary material for eigenvalues, parallel analysis results, factor
correlations, and pattern coefficients). Thus, it is possible that there is meaningful structure
in SBs beyond the four-dimensional model identified here.

One way to try to capture this complexity would be to fit a hierarchical model, with
broad dimensions at the top (e.g., a general SB factor, the four SB dimensions focused
upon here), and narrower dimensions at the bottom. As an example, the goods factor was
the most heterogeneous of the four identified here, in that it had the second highest number
of items but the lowest internal consistency. This suggests that there is meaningful com-
plexity within this domain that could be represented by narrower traits, such as dimensions
that distinguish between purchasing, reusing, or recycling goods, or between household
goods, clothing, and other products. This kind of approach has been useful in personality
and psychopathology science, as alluded to in the Introduction of this paper. With such a
hierarchy at hand, researchers can choose the level of analysis that best suits their research
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question, without deviating from a consensual model of SBs. This kind of model can help
integrate previous findings and provide a useful framework for future research. From this
perspective, the four dimensions identified in this study may provide a kind of anchor to a
more complex hierarchical model, in the same way that the five factors of personality traits
provide a foundation for conceptualizing higher and lower order traits (Goldberg, 1993).
Another complexity is that SBs can vary in different ways. The focus in this study was
on evidence-based domains as obtained via covariance analysis, and this approach clus-
tered SBs according to the content of behaviors. However, previous researchers have dis-
tinguished SBs in terms of aspects of principled frameworks such as phases of consump-
tion (Geiger et al., 2018). Such models introduce temporal processes into the organization
of SBs, because people first buy products, then use them, and then get rid of them in a
predictable order. It may be possible for future research to integrate the content-based per-
spective offered here with process-based perspectives such as those based on phases of
consumption, toward a more complete model of individual differences in SBs.

4.3 Correlates of sustainable behaviors

Our second goal was to use this structure to generate profiles of different kinds of SBs.
We examined correlations between the goods, food, transportation, and engagement factors
with a variety of demographic and psychological variables, to test preregistered hypotheses
about these associations based on the existing literature. Most of our hypotheses were sup-
ported, although there were some potentially interesting exceptions. For instance, we pre-
dicted that women would report higher rates of SBs than men, but gender differences were
not observed. The strongest correlates of SBs in general were connectedness to nature,
environmental values, and intrinsic environmental motives. There were some potentially
interesting patterns that should be followed up in future research. Whereas we delineated
these patterns one dependent variable at a time in the results, here we will describe them
one SB factor at a time, to try to portraiture profiles of different SB dimensions.

Goods. Age was correlated positively with goods, whereas other factors were corre-
lated negatively with age. Given that the goods factor also had more consistent associations
with SES indicators than the other SB factors, it is possible that older people can afford
to buy more sustainable goods. The goods dimension also had the strongest correlations
with personality traits, in general. People behave more sustainably with regard to goods to
the extent that they are less neurotic and more extraverted, open to experience, agreeable,
and conscientious. This profile is similar to that of the generally healthy personality (Blei-
dorn et al., 2020), suggesting that this pattern can be summarized thus: psychologically
healthy people are more likely to purchase, reuse, and recycle goods in such a way that
demonstrates proactive concern about climate change. This interpretation is supported by
the positive correlation between the goods factor and life satisfaction, another indicator of
psychological health. Finally, engaging in more goods-related SBs was related to a variety
of other proenvironmental motives, values, and knowledge, as predicted and similar to the
other three dimensions.

Food. The food dimension was negatively related to age but was, along with engage-
ment, the most consistent positive correlate of SES. It was negatively related to neuroti-
cism and positively related to extraversion and conscientiousness, but in contrast with
goods, it was negatively related to the politeness facet of agreeableness. People who
purchase and consume sustainable foods tend to value the environment but, interest-
ingly, got somewhat lower scores on environmental knowledge. They tend to be satisfied
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with life, and are neither strongly conservative nor liberal, on average. We had expected
the food dimension to show a pattern of specifically strong associations with eating
motives. However, we observed similarly positive associations between all four of the
sustainability dimensions and environmental motives for vegetarian diet, and nega-
tive associations with eating meat. We also observed a similar pattern of associations
between the sustainability dimensions and animal rights motives, speciesism, and other
variables related to vegetarian diet. This pattern suggests that vegetarians are more
likely to engage in all kinds of sustainable behaviors, not just those related to food.

Transportation. Transportation was the only SB with a negative relation to SES vari-
ables, and which was largely unrelated to personality. This overall pattern suggests that
sustainable transportation choices may be more a function of opportunity and afford-
ability, as opposed to personal desire. In other words, people who can afford to use
means of transportation that are more convenient may tend to do so, whereas people
who cannot may tend not to. The fact that the transportation factor was also associated
with environmental values and motives and political views suggests that personal per-
spectives about the environment are also an important factor, albeit perhaps less so than
for the other dimensions.

Engagement. In contrast, engagement was related to higher SES and to several personal-
ity traits, most notably high extraversion. It also had the strongest correlation among SB
dimensions with social justice and environmental motives and the strongest negative cor-
relation with being Republican. This suggests that a blend of personal energy and progres-
sive political values motivate people to volunteer, donate, or advocate for proenvironmental
issues.

Attitudes. It was not surprising that sustainable attitudes had similar associations with
criterion variables as sustainable behaviors, in general. It was also not surprising that these
attitudes were somewhat more strongly related to environmental value and motive vari-
ables, as well as political liberalism. This speaks to interesting questions about how under-
lying values, thoughts, motives, and goals that are associated specific attitudes about the
environment lead to sustainable behaviors, as well as ways in which such psychological
attributes do not necessarily translate to more sustainable behavior.

As a general summary, these patterns of correlations show that there are some poten-
tially interesting distinctions between different forms of SBs, even though they all largely
relate to more prosocial personality characteristics and more proenvironmental values and
attitudes. Evidence for specific differences helps validate the structure developed in this
paper by showing that the dimensions differ not only in the content similarity, as deter-
mined by factor analysis, but also in their implications, as determined by patterns of asso-
ciation with external criteria. Pending validation and extension of these findings, such pat-
terns could be used for tailored interventions or outcome assessments, as described above.

However, discriminant validity is a challenging issue in psychological assessment. Pat-
terns of differences were interpreted based on p-values, and in some cases, those differ-
ences nevertheless had overlapping confidence intervals. This suggests that, in many appli-
cations, there may be limited benefit in distinguishing SB dimensions from one another at
this level. This point highlights the value of thinking about the structure of SBs hierarchi-
cally, with a very broad dimension at the top that indicates the general tendency to behave
sustainably, four dimensions indicative of goods, food, transportation, and engagement in
the middle, and specific behaviors at the bottom. There are likely to be other meaningful
levels in between. Delineating this kind of structure could be useful for organizing sustain-
ability research as it has been for personality traits and mental disorders. Both internal and
external validity should be brought to bear on elucidating the nature of this structure.
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5 Limitations

There were two main limitations to this study. The first is that questionnaire data were
used to assess behavior. It would be ideal to assess actual behavior. Experience sam-
pling (Nisbet et al., 2009) or laboratory task (Lange & Dewitte, 2019; Lange et al.,
2018) designs could be used to approximate actual behavior more closely, and tools
such as passive sensing (Jahn et al., 2011) or behavioral observation (Wu et al., 2013)
could be used to measure behavior directly. The downside of these methods is that they
are more costly and labor intensive to implement, particularly when the goal is to assess
a broad range of behaviors as it was in this study. However, a next step to this kind of
research is to use such methods to confirm the structure and correlates identified here.
The second limitation was our use of an American sample. There are established gen-
eralizability issues with sampling from WEIRD (western, educated, industrialized, rich,
democratic) populations. These are somewhat mitigated for this topic because WEIRD
populations tend to contribute the most to climate change; however, results such as
those of this study may not generalize to other kinds of societies. There are specific
issues related to the kinds of behaviors that are likely to vary across cultures or regions.
For instance, in countries in which regulations make certain kinds of recycling or sus-
tainable purchasing more possible and cost-effective, those kinds of behaviors may vary
less and may not be particularly good indicators. As such, it is likely that, to a cer-
tain degree, different specific behavioral indicators will be useful even in countries with
similar living standards and cultural values. An interesting question for ongoing work is
whether different kinds of behaviors across countries can still be reliably placed within
the four dimensions identified here, for the purpose of cross-cultural comparison and a
portable, generalizable framework of SBs. There is also considerable variability within
WEIRD countries such as the USA that was not explored here (e.g., rural vs. urban set-
tings, or states or regions that afford different opportunities for SBs). All in all, more
research is needed in different cultures and regions with varying environmental policies.

6 Conclusion

In this study, preregistered hypotheses about the structure and correlates of a large num-
ber of sustainable behaviors were tested. As predicted, results indicated that a wide
range of sustainable behaviors could be clustered into dimensions reflecting goods,
food, transportation, and engagement. Those dimensions had a broadly similar pattern
of criterion correlations, although some interesting differences were observed. This
work provides a foundation for future research on individual differences in sustainable
behavior, toward a generalizable model with important basic and applied implications.
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