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Abstract
Background  The worldwide ecological crisis, including global climate change, is leading to increased awareness 
and attitudes towards environmental problems. To address these problems, studies of human attitudes are needed. 
This study is based on the 2-Major Environmental Values (2-MEV) model, which measures two components of 
environmental attitudes: Preservation and Utilization. The model has been applied to both, adolescents and adults. 
After decades of use, it is necessary to review the psychometric scale and update the wording. Developing short or 
even super-short scales to measure well-established constructs is necessary due to time constraints, compliance or 
fatigue due to language issues.

Methods  We applied an exploratory factor analysis (EFA) to a dataset containing 20 items from the 2-MEV model to 
reduce the scale to 6 items, 3 per dimension using parallel analysis, scree plot examination and eigen-value greater 
than 0 as criteria. The scale was then applied to adults and the sample was split for EFA and confirmatory factor 
analysis (CFA). Multigroup confirmatory factor analysis (MGCFA) was then used to assess invariance across age and 
gender. Finally, regression and linear models were used to examine the effects of age and gender in both, adults and 
adolescents.

Results  The 2-MEV model was replicated in the EFA and CFA and the correlated two-factor model showed the best 
fit. The scale showed configural and metric invariance across age and gender, and scale invariance across gender. 
Gender and age effects were replicated in relation to previous studies.

Discussion  The brief scale showed good model indices and convergent validity.
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Background
The global ecological crisis, including global climate 
change [1] has led to an increased awareness and atti-
tude toward environmental issues [2]. Addressing these 
challenges requires a deeper understanding of human 
perception and attitudes toward the environment. 
Questionnaires measuring environmental attitudes are 
essential in identifying patterns of behavior and make it 
possible to track changes in attitudes over time or across 
demographic groups. The systematic use of these ques-
tionnaires makes it possible to tailor policies and inter-
ventions to effectively address environmental challenges 
[3]. Within the field of social psychology, particularly in 
the conceptual framework of attitudes, the well-estab-
lished tripartite model by Eagly and Chaiken [4] cat-
egorizes attitudes into three fundamental components: 
cognitive, affective, and behavioral.

A variety of questionnaires have been developed to 
reflect environmental attitudes, but a common draw-
back is there is their specificity to individual studies 
rather than their global availability. This means that 
many questionnaires have been designed to meet the 
specific aims of a single research project, rather than 
being broadly applicable across different settings, popu-
lations or regions [2, 5, 6]. Despite the obvious impor-
tance of measuring environmental attitudes, the lack of 
standardized measurement tools remains a challenge 
[5, 6]. Among other established scales, such as the New 
Ecological Paradigm (NEP) [2] the 2-Major Environ-
mental Values (2-MEV) model by Bogner and Wiseman 
[7] stands out, particularly in its use among adolescents. 
In the 2-MEV-model, environmental attitude is usually 
quantified as a self-interested anthropocentric and self-
less biocentric domain (e.g., [7–9]). The selfless domain is 
usually labeled as Preservation (PRE), which is defined as 
a preference to protect the environment [8]. Antagonis-
tically, the self-interested domain, designated as Utiliza-
tion (UTL), refers to preferences, such as dominating and 
exploiting natural resources and the environment. The 
2-MEV-model originated from the Environmental Scale 
developed by Bogner and Wilhelm [10], which mea-
sured environmental concern and actual behavior toward 
the environment using 69 items [11]. Then, the 2-MEV 
model was further developed to measure environmental 
attitudes in German speaking populations [12]. The ini-
tial validation was based on secondary school students 
aged 11–18 years. The results fit well into a model of 
primary factors and two higher-order factors, namely 

PRE and UTL [7]. The first higher-order factor PRE mea-
sures three primary factors: Intent of Support, Care with 
Resources, and Enjoyment of Nature. The second higher-
order factor UTL consists of Human Dominance over 
Nature and Altering Nature. A high score on the PRE 
factor indicates an individual who values the conserva-
tion and protection of ecological resources, reflecting 
an ecocentric viewpoint. In contrast, high scores on the 
UTL factor indicate a more exploitative, anthropocentric 
perspective towards ecological resources [11, 13]. The 
2-MEV model focuses on a PRE and a UTL dimensions, 
formalized as two independent (orthogonal) facets of the 
construct ‘environmental attitudes’ [14].

The 2-MEV model has been shown to be robust across 
different regions and cultures, with validations span-
ning different continents, over 30 languages and numer-
ous countries, including New Zealand [9], the USA [11], 
Europe [15, 16], the Ivory Coast [17] and Tanzania [13]. 
Subsequent validation studies of the 2-MEV have accu-
mulated evidence for its validity from childhood (9–12 
years) [11], over adolescents [18, 19], extending into 
adulthood [20–22]. This supports the assertion that the 
2-MEV model is suitable to measure environmental atti-
tudes across age groups and is also culturally invariant 
and universally applicable.

Scale evolution is important
After decades of use, it becomes necessary to revisit and 
update psychometric scales [23]. It’s essential to con-
sider rewording the items as the language used in the 
questionnaire may become outdated and living condi-
tions may change. For example, since the introduction 
of the scale in the 1990s world has changed significantly 
with the advent of the internet and smart phones. More-
over, global environmental awareness has increased, as 
evidenced by movements such as Fridays for the Future 
[20] and the growing influence of the Green Party in 
many countries [24]. These transformative societal shifts 
underscore the need to reassess and relaunch these 
scales.

Therefore, Bogner and colleagues consistently revised 
and adapted the 2-MEV model (e.g., [21, 25]). For exam-
ple, Kibbe, Bogner [8] proposed negatively coded items 
to meet the need for psychological testing, although 
there is still debate as to whether items for the same 
dimension need to contain both, positively and negatively 
framed items or whether this question is an extra burden 
and should just be put to the rest [26, 27]. Further, items 

Implications  The brief scale of the 2-MEV model can be applied in situations where environmental attitudes are 
important, but time constraints (internet surveys), compliance, or language problems may hinder the use of longer 
scales.
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should reflect changes in population structure, e.g., in the 
last decade refugees have arrived in Europe from many 
countries [28], and adapting scales for simpler and more 
inclusive language is an important topic.

Short scales and brief measures are needed
Psychological scales have become longer and longer dur-
ing earlier decades. With the rise of internet surveys and 
large-scale studies, psychologist are increasingly opt-
ing for shorter scales to ensure the respondent compli-
ance, recognizing that brevity may be more effective 
[29]. There has been criticism of simply increasing Cron-
bach’s alpha by including similar questions, as repetitive 
questions may influence respondents’ answers [30]. The 
Big Five personality dimensions are designed in various 
forms to be adaptable to different situations and tar-
get populations, thereby increasing their utility (e.g., 
[31]). Brief measures, such as the Ten-Item Personality 
Inventory (TIPI) for the Big Five, are valuable in specific 
contexts, such as online surveys, where compliance is ini-
tially high but tends to decline over time [32]. In a study 
focusing on latecomers to a university lecture, the use of 
the 10-item TIPI was preferred because of the imprac-
ticality of longer questionnaires in this setting [33, 34]. 
The goal of brief-scale construction is to measure eco-
nomically with less redundant items while retaining the 
breadth of the construct [35]. Short measures are effec-
tive because they are able to capture essential informa-
tion efficiently, taking into account time constraints [36, 
37]. They also minimize the fatigue and boredom associ-
ated with lengthy surveys, thereby improving data quality 
[38]. Following the precedent of validated short measures 
in various domains, such as the 10-item Big Five Inven-
tory [33], a short environmental attitude scale can effi-
ciently capture essential dimensions without sacrificing 
validity or reliability.

Goals of this study
The aim of this study was to create a condensed brief ver-
sion of the 2-MEV model for assessing environmental 
attitudes, with a specific focus on measuring two dimen-
sions through three items each. Three items have been 
chosen because of a common rule of thumb [39]. Given 
the established validation of the 2-MEV model spanning 
from childhood to adulthood, our goal was to develop a 
version applicable across the entire lifespan. This adapta-
tion would enable the examination of changes in environ-
mental attitudes in both cross-sectional and longitudinal 
studies. Therefore, measurement invariance across age 
groups was tested.

Additionally, we aimed to validate the scale’s quality by 
analyzing age and gender effects. This final step aimed to 
determine whether the abbreviated measurement could 
replicate the typical gender and age patterns observed in 

previous research. As far as we know, our study is the first 
to test for invariance between groups of participants of 
different ages, as the 2-MEV is often applied to individu-
als of the same age group. Here, we present our develop-
mental process in the context of a multi-study research 
approach.

Study I: development of a brief measure of the 
2-MEV scale
Methods
First, we reused a data set from a study by Barbosa, 
Randler [20] where these data have been collected. A 
total of 327 people from Germany (204 female, 110 male, 
3 diverse and 4 preferred not to answer) participated in 
the survey. Mean age was 23.02 ± 5.14 years (range was 
16–61 years). All participants in our study were students 
at some level of education. In total, 20 participants were 
from secondary and/or technical education, 145 were 
undergraduate students and 162 were students pursuing 
Specialization,  Master’s or Doctorate degrees. The par-
ticipants had to read the invitation with the survey goals, 
risks, and benefits before answering the questionnaire. 
Additionally, participants had the option to withdraw 
from completing the questionnaire at any time (more 
details, see Barbosa et al. 2021 [20]). The development 
of the brief measure was based on the 20-item version of 
the 2-MEV scale provided by Bogner and Wiseman [7]. 
This scale contains 10 items for UTL and 10 items for 
PRE (German version: Bogner [40]).

Statistical analysis
For the statistical analysis of this sample, we used an 
Exploratory Factor Analysis (EFA) with a principal com-
ponent extraction and a varimax rotation. To estab-
lish the number of factors, we used three criteria: the 
eigen-value greater than one criterion, the scree plot 
and a parallel analysis. Reliability analysis was con-
ducted with Cronbach’s α. The parallel analysis was 
done with an online tool [41]. The parallel analysis was 
carried out based on 20 variables (items) and 327 cases 
(participants). All other statistics were carried out with 
SPSS 28. Regarding missing data, only participants with 
data for the given variables were retained. For a posthoc 
power analysis we used the software Webpower [42], and 
we calculated that with the correlation coefficient, we 
observed (r = .3), at a significance level of 0.01, in a two-
sided comparison, with a sample size of 327 observations 
(participants), the test suggests a power of 0.9987.

Results
The sample size seems adequate with 1:16, i.e., 16 par-
ticipants per items [43, 44]. The EFA suggested a four-
factor solution (Table 1) based on the eigenvalue greater 
than one criterion, with the fifth factor below 1.0 (0.990; 
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not shown in Table  1). The parallel analysis supported 
a three-factor solution with three random eigenvalues 
lower than the eigenvalues produced by the real data 
(Table 1). However, the scree plot supports a four-factor 
solution following the elbow method (Fig. 1).

As the results were equivocal, and the 2-MEV scale has 
been subjected to decades of psychometric testing, which 
consistently supports a two-factor structure, we set the 
extraction of factors for the EFA at two factors and rerun 
the analyses.

The factor loadings after the extraction of two fac-
tors and varimax rotation are depicted in Table  2. Kai-
ser-Meyer-Olkin (KMO)-value was 0.866; Bartlett-test 
of sphericity was significant (p < .001, df = 190, approx. 
χ2 = 1897.18). The KMO over 0.8 is meritorious (Beavers 
et al., 2013 [43]). The two factors were labelled in accor-
dance with previous work as Utilization of nature (UTL) 
and Preservation of nature (PRE) [40].

Communalities with values of 0.4 or higher are con-
sidered for retention, while those below 0.4 are likely 
to be dropped. According to Costello and Osborne [44] 
the social sciences, communalities typically fall within 
the range of low to moderate magnitudes, ranging from 
0.4 to 0.7. Concerning factor loadings, Tabachnick and 
Fidell [55] recommend a minimum threshold of 0.32, 
while Floyd and Widaman [56] suggest factor loadings 
exceeding 0.3 and 0.4. Beavers, Lounsbury [43] cited lit-
erature that supports factor loadings ranging from 0.6 to 
0.7. Items that exhibited factor loadings of 0.3 or higher 
on two or more factors were classified as “crossloadings” 
following Costello and Osborne [44]. For a short scale 
development, we chose the three items per factor with 
the highest loadings (above 0.6), ensuring cross-load-
ings remained below 0.3 and communalities are above 
0.4. Subsequently, the factor analysis was rerun. KMO-
value was 0.710; Bartlett-test of sphericity was signifi-
cant (p < .001. df = 15. approx. χ2 = 519.30). Two factors 
were extracted exceeded the threshold of the eigen-value 
greater than one criterion in accordance with a parallel 
analysis (random eigen-values in brackets): 2.424 [1.185]. 
1.676 [1.095]. 0.545 [1.022].

The EFA shows a clear factor structure with high factor 
loadings above 0.7 (see Table 3) and very low cross-load-
ings < 0.16. Although Cronbach’s α was between 0.7 and 
0.8, a lower α may be beneficial in a short scale, especially 
when aiming at measuring a broader construct. Addi-
tionally, the small number of items in the scale (N = 3) 

Table 1  Comparison of the factors of the exploratory factor 
analysis and the parallel analysis based on random eigen-values
Factors Random 

eigen-value
Eigen-value Explained 

variance 
(in %)

Cumulative 
explained 
variance 
(in %)

1 1.46 5.52 27.61 27.61
2 1.38 1.92 9.60 37.22
3 1.31 1.59 7.94 45.15
4 1.26 1.34 6.71 51.86

Fig. 1  Eigen-values of the exploratory factor analysis
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may also contribute to this lower α. Both factors cor-
related with r = .704 with each other. In the next step, a 
content analysis was conducted, leading to slight modifi-
cations in some items to reflect changes in language that 
have occurred in the last decades. Also, it was checked 
that all items are useful for different age groups from 
school students to adults. Some adaptations have been 
made concerning two items:

The item “I would really enjoy sitting at the edge of a 
pond watching dragonflies in flight.” (German translation: 
“Ich sitze gerne am Rande eines Weihers und beobachte 
dabei zum Beispiel Libellen.“) was changed to a more 
generic expression “observe nature” rather than using 
dragonfly/damselfly as an example. We deleted the refer-
ence to the insect order Odonata to make the item more 
suitable on a generic level (without explicitly mentioning 
a taxon) and to include people who are unable to iden-
tify Odonata. This adjustment was made because a recent 
study showed that the identification of the very common, 
abundant and widespread Southern Hawker (Aeshna cya-
nea) is not possible in 7th and 8th graders, often not even 
on the higher taxonomic level of the family Aeshnidae or 
the order Odonata (see [57]).

The item “Mankind was created to rule over the rest 
of the nature.” (German translation: “Der Mensch wurde 
erschaffen, um über den Rest der Natur zu herrschen.”) 
reads that humans were in some way “created”. This 
strongly interferes with evolutionary phrasing and may 
give an illusion of creationism, which should be avoided 
[58].

Study II – adult and adolescent sample
Methods
The 2-MEV scale was then tested in an adult and an ado-
lescent sample (for 2-MEV scale see Additional file 1). In 

Table 2  Factor loadings according to a two-factor solution of 
the 2-MEV model (original German items taken from Bogner, 
2007). Loadings higher than 0.4 on the respective factor are 
printed in bold. Communalities are given as h. Items are adopted 
from 1Bogner and Wiseman [7], 2Baierl, Kaiser [45], 3Baierl, 
Johnson [46], 4Bogner and Wiseman [12], 5Bogner and Wiseman 
[47], 6Johnson and Manoli [11], 7Baierl, Johnson [48], 8Bogner and 
Wiseman [49], 9Bogner and Wiseman [50], 10Bogner and Suarez 
[51], 11Schneiderhan-Opel and Bogner [52], 12Schneiderhan-Opel 
and Bogner [53], 13Raab and Bogner [54]

UTL PRE h
Human beings are more important than 
other creatures.1, 2, 12, 13

0.743 − 0.066 0.556

Plants and animals exist primarily to be 
used by humans.4, 5

0.696 0.088 0.492

Mankind was created to rule over the rest 
of the nature.3, 4, 5

0.678 0.105 0.471

Humans need not adapt the natural 
environment, because they can remake it 
to suit their needs.2, 5, 11, 12

0.589 − 0.177 0.378

Worrying about the environment often 
holds up development projects.1, 2

0.552 − 0.157 0.329

If I get extra pocket money, I will donate 
a part of it to an environmental organiza-
tion.3, 6, 7, 8

− 0.547 0.300 0.390

When I am older, I will actively participate 
in a nature conservation group.4, 5, 8, 9

− 0.544 0.465 0.512

I often try to persuade others that the 
environment is an important thing.4, 5, 8, 9

− 0.500 0.446 0.448

Environmental protection costs a lot of 
money. I am willing to help with a collec-
tion. 3, 4, 5, 9

− 0.468 0.373 0.359

People worry too much about pollu-
tion.2, 10, 11, 12, 13

0.457 − 0.294 0.295

We need to clear forests in order to grow 
crops.1, 10, 11, 12, 13

0.450 − 0.244 0.262

We must build more roads so people can 
travel to the countryside.1, 7, 11, 12, 13

0.409 − 0.295 0.255

I would really enjoy sitting at the edge 
of a pond watching dragonflies in 
flight.1, 3, 4, 5, 6, 8, 9, 11, 12

− 0.019 0.775 0.601

I really like to be able to go on trips into 
the countryside - for example to forests or 
fields.1, 3, 4, 5, 8, 9, 11, 12

− 0.040 0.707 0.501

I have a sense of well-being in the silence 
of nature.3,4, 5, 8, 9

− 0.072 0.690 0.482

It is interesting to know what kinds of 
creatures live in the lagoons or in the 
rivers.10, 12

− 0.112 0.586 0.356

To collect garbage in nature, I would 
sacrifice my free time.2, 7

− 0.355 0.524 0.401

You are welcome to pick a protected flow-
er if many of them grow in one place.4

0.085 − 0.341 0.123

I save water by taking a shower 
instead of a bath (in order to spare 
water).1, 2, 3, 4, 5, 7, 8, 9, 11, 12, 13

− 0.211 0.286 0.126

Only plants and animals of economi-
cal importance need to be protect-
ed.1, 2, 8, 11, 12, 13

0.217 − 0.245 0.107

Table 3  Factor loadings according to a two-factor solution of 
the 2-MEV model (original German items taken from Bogner, 
2007) based on the reduced set of items from Table 2. Loadings 
higher than 0.4 on the respective factor are printed in bold. 
Communalities are given as h

UTL PRE h
Plants and animals exist primarily to be 
used by humans.

0.854 − 0.034 0.730

Mankind was created to rule over the rest 
of the nature.

0.844 − 0.041 0.715

Human beings are more important than 
other creatures.

0.768 − 0.159 0.616

I enjoy trips to the countryside - for ex-
ample to forests or fields.

− 0.067 0.836 0.704

I would really enjoy sitting at the edge of a 
pond watching dragonflies in flight.

− 0.040 0.834 0.697

I have a sense of well-being in the silence 
of nature.

− 0.125 0.790 0.639

Cronbach’s α 0.737 0.740
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addition to the scale, we applied a single-item measur-
ing connectedness to nature, which was adopted from 
Kleespies, Braun [59] (see Additional file 2). To recruit 
adult participants, an online survey was conducted and 
distributed across Germany via social media and newslet-
ters of three universities (Tübingen, Bielefeld, Cologne). 
In addition, participants were invited to take part via a 
representative online panel. The study was conducted 
between 25/10/22 and 02/06/23 and the minimum age of 
participants was 18 years. A total of 3438 people partici-
pated in this survey. 1301 were male (38.2%), 2059 female 
(60.5%), 42 diverse (1.2%) and 36 (1%) did not answer this 
question. Mean age was 44.14 (SD = 17.01).

To recruit adolescents, a survey was conducted at 
schools in Germany (federal state of Baden-Württem-
berg). Students from grade 4 to grade 12 of different 
school types (primary school as well as medium and 
higher stratification secondary school) were able to par-
ticipate. A total of 1752 students participated in the study 
(813 (46.4%) boys, 910 girls (51.9%), 19 diverse (0.01%). 
Mean age was 13.1 (SD = 2.58).

We combined the adult survey with the adolescent 
survey into a combined dataset to analyze gender and 
age invariance. Measurement invariance analysis was 
performed to determine whether the structure and 
parameters of a measurement scale are consistent across 
different groups [60]. Thus, 5190 people took part, 2114 
of whom were male, 2969 female and 61 diverse. Mean 
Age of the samples are given above.

Statistical analysis
The adult sample was randomly split into two, with the 
first sample used for an EFA, and the second one for 
a CFA. The EFA sample consisted of 1701 data, and 
the CFA sample of 1655 data. Further, we compared 

different measurement models in the CFA: a model with 
all six items loading onto the same factor, an uncorrelated 
model with two dimensions (UTL, PRE), and a corre-
lated two-factor model allowing covariance between both 
factors. We replicated the CFA-model using the adoles-
cent dataset. The following ranges were used for the Fit 
Indices to indicate a good model fit: Chisquare (χ2) – A 
lower value indicates better fit; Chi-squared p-value (χ2p-
value) > 0.05; Minimum Discrepancy Function by Degrees 
of Freedom divided (CMIN/DFI) < 3; Root Mean Square 
Residual (RMR) < 0.05; Tucker-Lewis Index (TLI) > 0.95, 
Comparative Fit Index (CFI) > 0.9, Root Mean Square 
Error of Approximation (RMSEA) < 0.08; P-value for the 
test of close fit (PCLOSE) – values close to 1 indicate a 
good fit [61–63]. Furthermore, the Akaike Information 
Criterion (AIC) balances the goodness of fit with model 
complexity. Lower values indicate a better balance [64].

We conducted a Multi-Group Confirmatory Factor 
Analysis (MGCFA) to determine the best- fitting model 
of 2-MEV scale was associated with measurement invari-
ance in the German population (n = 5190). We followed 
publication standards for a stepwise approach in which 
the restrictive model (configural invariance) was exam-
ined first, followed by increasingly restrictive models 
with more constrained parameters. This procedure was 
chosen because it facilitates the identification of param-
eters of non-invariance in each model [65].

We defined two groups by gender and age to address 
the MGCFA tests between male (N = 2114) and females 
(N = 2969) and adults (N = 3438) and adolescents 
(N = 1752). Factorial equivalence was tested between 
groups. CFA of the 2-MEV model was carried out sepa-
rately in each group. To assess the MGCFA for testing the 
measurement invariance, we used the CFI difference test 
(i.e. ΔCFI ≤ 0.010) following the threshold recommenda-
tions of [66]. All statistics were carried out with SPSS 28, 
the SPSS add-on tool AMOS and R (Version 4.3.2).

Results
Based on the EFA sample in adults, sampling was ade-
quate (KMO-value = 0.712). Bartlett-test of sphericity was 
significant (p < .001, df = 15, approx. χ2 = 3316.7). Com-
munalities were between 0.66 and 0.78. The eigen-value 
greater than one criterion suggested a two-factor solu-
tion which was supported by parallel analysis (random 
eigen-values in brackets): 2.53 [1.077]. 1.75 [1.042]. 0.54 
[1.013]. The first factor explained 42% of the variance and 
the second 29%.

Following the criteria mentioned above, the two-factor 
solution was good with communalities > 0.66; all factor 
loadings were above 0.8 (see Table  4) and cross-load-
ings < 0.132 [43, 44]. Both factors exhibited a strong cor-
relation of r = .700 with each other.

Table 4  Factor loadings according to a two-factor solution of 
the 2-MEV model (original German items taken from Bogner 
[40]) based on the reduced set of items from Table 2. Loadings 
higher than 0.4 on the respective factor are printed in bold. 
Communalities are given as h

PRE UTL h
I enjoy trips to the countryside - for example 
to forests or fields.

0.858 − 0.096 0.746

I have a sense of well-being in the silence 
of nature.

0.835 − 0.132 0.715

I would really enjoy sitting at the edge of a 
pond watching nature.

0.834 − 0.007 0.695

Mankind should rule over the rest of the 
nature.

− 0.098 0.880 0.785

Plants and animals exist primarily to be used 
by humans.

− 0.047 0.822 0.678

Human beings are more important than 
other creatures.

− 0.084 0.809 0.662

Cronbach’s α 0.792 0.787
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We applied a CFA on the adult sample as described 
in the methods. The fit indices for the three models are 
shown in Table  5 for adults and in Table  6 for adoles-
cents. Considering these, the correlated two-factor model 
seems to be a strong contender in both cases. It has a 
good balance of fit indices, particularly having the low-
est AIC, suggesting it may be the most preferable model. 
Compared to the adults (Table 5), the adolescents show a 
lower model fit.

In adults, connectedness to nature was positively cor-
related with PRE (r = .513. p < .001. N = 3362) and nega-
tively with UTL (r = − .170. p < .001. N = 3362). The same 
was found in adolescents (PRE: r = .527, p < .001, N = 1733; 
UTL: r = − .800, p < .001, N = 1732). This indicates 

convergent and discriminant validity, respectively. This 
analysis suggests and supports the two-factor-solution, 
which is consistent with the theoretical background, the 
long history of scale’s use and the results of the current 
analysis.

Factorial invariance of the short 2-MEV scale across age 
and gender
The hierarchical factorial model with two sub-factors 
(UTL and PRE) and one general factor (i.e., Environmen-
tal Values) was satisfactory (see Fig. 2).

The configural and metric measurement invariance 
between males and females was supported according 
to the set of fit indices assessed (Δχ² = 49.617, Δdf = 16, 

Table 5  Comparison of different models in the confirmatory factor analysis of the 2-MEV model in adults
One-factor-model Uncorrelated two- factor-model Correlated two-factor-model Critical values

χ2 1272.723 90.957 16.598 Lower = better
df 9 9 8 -
χ2p-value < 0.001 < 0.001 0.035 > 0.05
CMIN/df 141.414 10.106 2.075 < 3
TLI 0.316 0.956 0.995 > 0.95
CFI 0.59 0.973 0.997 > 0.95
RMSEA 0.291 0.074 0.025 < 0.08
PCLOSE 0.001 0.002 0.992 Closer 1.0
AIC 1.308.723 114.957 42.598 Lower = better

Table 6  Comparison of different models in the confirmatory factor analysis of the 2-MEV model in adolescents
One-factor-model Uncorrelated two- factor-model Correlated two-factor-model Critical values

χ2 810.915 77.327 48.288 Lower = better
df 9 9 8 -
χ2p-value < 0.001 < 0.001 < 0.001 > 0.05
CMIN/df 90.102 8.592 6.036 < 3
TLI 0.360 0.946 0.964 > 0.95
CFI 0.616 0.967 0.981 > 0.95
RMSEA 0.229 0.067 0.054 < 0.08
PCLOSE 0.001 0.020 0.288 Closer 1.0
AIC 846.915 113.327 86.288 Lower = better

Fig. 2  Results of CFA with factor correlations and loadings for the 2-MEV model
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ΔCFI = 0.996; Δχ² = 75.467, Δdf = 20, ΔCFI = 0.993, 
respectively, see Table  7). We then proceeded with 
our stepwise approach and the scalar measurement 

invariance was supported at the threshold ΔCFI > 0.01 
(Δχ² = 134.56, Δdf = 24, ΔCFI = 0.985), but the strict mea-
surement invariance was not tenable.

Configurative and metric measurement invariance 
between adults and adolescents was supported according 
to the set of fit indices assessed (Δχ² = 86.739, Δdf = 16, 
ΔCFI = 0.991; Δχ² = 98.538, Δdf = 20, ΔCFI = 0.990, 
respectively, see Table  7). Then, we proceeded with our 
stepwise approach and the scalar and the strict measure-
ment invariance was not tenable (Δχ² = 483.391, Δdf = 24, 
ΔCFI = 0.944; Δχ² = 1309.416, Δdf = 28, ΔCFI = 0.842).

Analysis of age and gender effects
We analysed age and gender effects based on the mean 
scores per construct, PRE and UTL, in a linear regression 
with a quadratic term. We found significant effects of age 
in both measures, PRE and UTL. Both regression mod-
els suggested a quadratic relationship between age and 
PRE or UTL, with an increase in PRE (and decrease in 
UTL) around the middle-aged years. Thus, the age group 
around 40–45 years seems the most environmentally 
concerned age group (Fig. 3 Ia) and Ib)).

In two subsequent linear univariate models based on 
UTL and PRE as dependent variables we assessed gender 
and age group as predictors, and including the interac-
tion. Comparing gender and age group revealed signifi-
cant results for gender and age in both, PRE (Table  8; 
Fig. 3 – IIa)) and UTL scores (Table 9; Fig. 3 – IIb)). The 

Table 7  Model fit of 2-MEV model CFA and models fit 
measurement invariance testing with MGCFA across gender and 
group ages
Model X2 df CFI RMSEA SRMR
Overall Model 50.785 8 0.995 0.032 0.017
Multigroup Confirmatory Factor Analysis across gender
Model X2 df CFI RMSEA SRMR
Male Model 17.19 8 0.997 0.023 0.015
Female Model 32.428 8 0.994 0.032 0.018
Configural Model 49.617 16 0.996 0.029 0.017
Metric Model 75.467 20 0.993 0.033 0.023
Scalar Model 134.56 24 0.985 0.043 0.027
Strict Model 337.947 30 0.96 0.064 0.041
Multigroup Confirmatory Factor Analysis across age groups
Model X2 df CFI RMSEA SRMR
Adults Model 32.087 8 0.996 0.03 0.016
Adolescents Model 54.653 8 0.978 0.058 0.034
Configural Model 86.739 16 0.991 0.041 0.022
Metric Model 98.538 20 0.99 0.039 0.024
Scalar Model 483.391 24 0.944 0.086 0.049
Strict Model 1309.416 30 0.845 0.128 0.077
CFI = comparative fit index; RMSEA = root mean square error of approximation; 
SRMR = Standardized root mean square residual. Cut-off values for measurement 
invariance are RMSEA ≤ 0.015, CFI ≤ 0.010, SRMR ≤ 0.25 for loading level and 
≤ 0.05 for intercept and residual levels [66, 67]

Fig. 3  I: Relationship between age in years and (a) preservation attitudes (PRE) / (b) utilization attitudes (UTL). II: Differences in (a) PRE / (b) UTL scores 
across gender (male/female) and age groups (adolescents/adults)
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interaction term gender*age was significant in PRE, but 
the explained variance (partial eta-squared) was 0.002 
and thus, can be considered negligible and irrelevant. 
Female respondents showed higher PRE and lower UTL 
scores. Adults showed higher PRE and UTL scores com-
pared to adolescents.

Discussion
The study presented here shows that the 2-MEV model is 
a useful tool for measuring the environmental attitudes 
of adult and adolescent with two factors: Utilization and 
Preservation. The model where covariance was allowed 
between the two factors showed the best fit compared 
to an uncorrelated model or a model where all items are 
loaded on a single factor. Previous research has shown 
that the conceptual model developed by Bogner and 
Wiseman [12] is a good tool for measuring environmen-
tal attitudes in adolescents (e.g., [18, 19]), but is also suit-
able for measuring the construct in adults [20–22].

We have further shown that an updating, rephras-
ing, and shortening of the scale to a measure with three 
items per construct provides a valuable tool for address-
ing these issues. The benefits of this shortened and brief 
measure are manifold, e.g., including such aspects in 
research questions where environmental attitudes are 
not the main issue, and in populations where simple lan-
guage is advantageous. The brief version is therefore in 
line with other research that suggests shorter scales, e.g., 

in personality [68], in well-being and satisfaction of life 
research [69]. Furthermore, Short scales are valuable in 
cross-cultural studies where researchers want to ensure 
that measurements are comparable across different cul-
tural contexts. Brief instruments, such as for self-report 
measures, can improve the feasibility of cross-cultural 
research by minimizing respondent burden and increas-
ing participation rates [70]. Especially in longitudinal 
research, short scales can be advantageous because they 
help reducing participants fatigue and attrition over time 
[71].

In particular, the rephrasing of some items to make 
the wording clearer seems an important aspect [72], for 
example, removing the special mention of a taxon (Odo-
nata) from the text seems to be an important improve-
ment. Furthermore, in terms of evolutionary biology, the 
phrase “humankind was created” was rephrased to avoid 
the term of “creation” to avoid possible interference with 
evolutionary biology.

We found invariance between genders but not for age 
groups. The results observed may be due to differential 
item functioning and do not reflect authentic differences. 
This suggests that when age groups are compared, these 
items work differently for adults and adolescents, but not 
for males and females. This is important for future stud-
ies to tackle statistical artifacts and to the scale’s devel-
opment. Gender differences were similar to other studies 
with a sufficient sample size, with women showing higher 
environmental concern [73], and higher attitudes toward 
animal welfare [74]. This provides additional evidence of 
the quality of the shortened scale.

While most of the goodness-of-fit measures indicated 
that configural and metric invariance were met. However, 
scalar and strict invariance were not fully met, although 
they were close to the cut-off point between the two gen-
ders and between adults and adolescents [66, 67]. This 
suggests that the difference between groups, particularly 
between adults and adolescents, was due to a few factor 
loadings rather than the whole 2-MEV scale [75]. Thus, 
there was no need to adjust the model. Nevertheless, 
the differences between age and gender are described 
as indicative and not conclusive, and future research is 
needed to examine these differences in new comparative 
analyses.

The cross-sectional quadratic shape of PRE and UTL 
cannot be interpreted causally. because it may imply 
developmental effects, i.e. people in the middle age 
group may be more environmentally concerned (prob-
ably because they are in an age with young children), but 
it may also be a cohort effect, meaning that people born 
between 1970 and 1980 are the most environmentally 
concerned age cohort. Regarding age effects, the charac-
teristic developmental trajectory of adolescents’ environ-
mental attitudes shows an early maximum at around 11 

Table 8  Analysis of Preservation as dependent variable and age 
(adult/adolescent) and gender as predictors
Source of variance df Mean of 

squares
F-value P Partial 

eta-
squared

Corrected model 3 95.831 162.954 < 0.001 0.088
Gender (male/
female)

1 65.092 110.684 < 0.001 0.021

Age Category 
(adolescent/adult)

1 208.826 355.094 < 0.001 0.066

Gender*Age 1 7.396 12.576 < 0.001 0.002
Error 5064 0.588
Total 5068

Table 9  Analysis of Utilization as dependent variable and age 
(adult/adolescent) and gender as predictors
Source of variance df Mean of 

squares
F-value P Partial 

eta-
squared

Corrected model 3 90.748 131.608 < 0.001 0.072
Gender (male/
female)

1 117.324 170.149 < 0.001 0.033

Age Category 
(adolescent/adult)

1 123.118 178.552 < 0.001 0.034

Gender*Age 1 0.187 0.272 0.602 0.000
Error 5059 0.690
Total 5063
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or 12 years of age, followed by a minimum at around 16 
years of age [45]. Age does not influence environmental 
attitudes in adulthood, according to a meta-analysis of 
[76].

In general, UTL scores are lower compared to PRE 
scores (e.g., [77, 78]), which is corroborated in our study. 
Additionally, to the demographic effects of gender and 
ages which were maintained in our brief instrument, we 
also provided some convergent validity by using con-
nectedness to nature as another measure. Comparably 
to other studies [79], we found a positive correlation of 
connectedness to nature with PRE, and a negative corre-
lation with UTL.

Limitations
The study was done with a convenience sample of respon-
dents; thus, a representative sample of the German adult 
population might help to study the scales and the 2-MEV 
model further.

Implications
The 2-MEV scale is a well-established measurement 
instrument with a sound theoretical framework in many 
cultures since 1994 in Europe to investigate adolescents’ 
environmental attitudes. Our study supports this view 
and is intended to increase its usage in the form of a brief 
scale, that can be applied across the lifespan. Due to its 
brevity, it can be used even when environmental attitudes 
are not the main focus of a research study. Another chal-
lenge might be the development of a super-short scale 
with two items, one for PRE and one for UTL. This might 
be a venue for further research. As there seem differ-
ences between adults and adolescents, this points to the 
importance of environmental education programmes for 
children and adolescents to create awareness for the envi-
ronment [80].

Abbreviations
2-MEV	� 2-Major Environmental Values
PRE	� Preservation
UTL	� Utilization
NEP	� New Ecological Paradigm
TIPI	� Ten-Item Personality Inventory
EFA	� Exploratory Factor Analysis
CFA	� Confirmatory Factor Analysis
MGCFA	� Multi-Group Confirmatory Factor Analysis
KMO	� Kaiser-Meyer-Olkin
CMIN/DFI	� Minimum Discrepancy Function by Degrees of Freedom divided
RMR	� Root Mean Square Residual
TLI	� Tucker-Lewis Index
CFI	� Comparative Fit Index
RMSEA	� Root Mean Square Error of Approximation
PCLOSE	� P-value for the test of close fit
AIC	� Akaike Information Criterion
SRMR	� Standardized Root Mean Square Residual

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40359-024-01788-5.

Supplementary Material 1

Supplementary Material 2

Author contributions
CR and TH developed the research framework. CR, RB and TH collected the 
different data. CR and RB analyzed the data and drafted the manuscript. TH 
reviewed and edited the manuscript. All authors contributed to the article and 
approved the submitted version.

Funding
This research received no external funding.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
The data that support the findings of this study are available from the authors, 
but restrictions apply to the availability of these data, which were used under 
licence for the current study and so are not publicly available. The data are, 
however, available from the authors upon reasonable request.

Declarations

Ethics approval and consent to participate
The three studies have been granted ethical permission by the ethics 
committee of the Faculty of Social Sciences of the University of Tübingen. 
Informed consent was obtained from all adults involved in the studies. 
In addition, the Ministerium für Kultus, Jugend und Sport has authorized 
the adolescent-study to be conducted at schools in Baden-Württemberg 
(AZ: KM31-6499-3/26/3). A declaration of consent was obtained from the 
parents of each participating adolescent under the age of 16. Participants 
over 16 were able to sign this consent form themselves. No participants 
are identifiable. All methods were carried out in accordance with relevant 
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Eberhard Karls University Tübingen, Auf der Morgenstelle 24,  
Tübingen 72076, Germany
2Graduate Program in Science Education, Federal University of Rio Grande 
do Sul, Porto Alegre, Brazil

Received: 28 November 2023 / Accepted: 13 May 2024

References
1.	 McNutt M. Climate change impacts. Science. 2013;341(6145):435.
2.	 Dunlap RE, Van Liere KD, Mertig AG, Jones RE. New trends in Measuring 

Environmental attitudes: measuring endorsement of the New Ecological 
paradigm: a revised NEP scale. J Soc Issues. 2002;56(3):425–42.

3.	 Lynn P, Longhi S, ENVIRONMENTAL ATTITUDES AND BEHAVIOUR. : WHO 
CARES ABOUT CLIMATE CHANGE? UNDERSTANDING SOCIETY.

4.	 Eagly AH, Chaiken S. The psychology of attitudes. Harcourt Brace Jovanovich 
College; 1993.

5.	 Hines JM, Hungerford HR, Tomera AN. Analysis and synthesis of research 
on responsible environmental behavior: a Meta-analysis. J Environ Educ. 
1987;18(2):1–8.

https://doi.org/10.1186/s40359-024-01788-5
https://doi.org/10.1186/s40359-024-01788-5


Page 11 of 12Randler et al. BMC Psychology          (2024) 12:300 

6.	 Dwyer WO, Leeming FC, Cobern MK, Porter BE, Jackson JM. Critical review 
of behavioral interventions to preserve the Environment. Environ Behav. 
2016;25(5):275–321.

7.	 Bogner FX, Wiseman M. Adolescents’ attitudes towards nature and environ-
ment: quantifying the 2-MEV model. Environmentalist. 2006;26(4):247–54.

8.	 Kibbe A, Bogner FX, Kaiser FG. Exploitative vs. appreciative use of nature 
– two interpretations of utilization and their relevance for environmental 
education. Stud Educational Evaluation. 2014;41:106–12.

9.	 Milfont TL, Duckitt J. The structure of environmental attitudes: a first- and sec-
ond-order confirmatory factor analysis. J Environ Psychol. 2004;24(3):289–303.

10.	 Bogner FX, Wilhelm MG. Environmental perspectives of pupils: the 
development of an attitude and behaviour scale. Environmentalist. 
1996;16(2):95–110.

11.	 Johnson B, Manoli CC. The 2-MEV scale in the United States: a measure of 
children’s Environmental attitudes based on the theory of ecological attitude. 
J Environ Educ. 2010;42(2):84–97.

12.	 Bogner FX, Wiseman M. Toward measuring adolescent environmental per-
ception. Eur Psychol. 1999;4(3):139–51.

13.	 Nkaizirwa JP, Nsanganwimana F, Aurah CM. On the predictors of pro-
environmental behaviors: integrating personal values and the 2-MEV among 
secondary school students in Tanzania. Heliyon. 2022;8(3):e09064.

14.	 Binngießer J, Randler C. Association of the Environmental Attitudes Pres-
ervation and utilization with pro-animal attitudes. Int J Environ Sci Educ. 
2015;10(3):477–92.

15.	 Boeve-de Pauw J, Van Petegem P. Eco-school evaluation beyond labels: the 
impact of environmental policy, didactics and nature at school on student 
outcomes. Environ Educ Res. 2018;24(9):1250–67.

16.	 Le Hebel F, Montpied P, Fontanieu V. What can Influence Students’ Environ-
mental attitudes? Results from a study of 15-Year-old students in France. Int J 
Environ Sci Educ. 2014;9(3):17.

17.	 Borchers AT, Gershwin ME. Complex regional pain syndrome: a comprehen-
sive and critical review. Autoimmun Rev. 2014;13(3):242–65.

18.	 Schneiderhan-Opel J, Bogner FX. The relation between Knowledge Acquisi-
tion and Environmental values within the scope of a Biodiversity Learning 
Module. Sustainability. 2020;12(5).

19.	 Schumm MF, Bogner FX. Measuring adolescent science motivation. Int J Sci 
Educ. 2016;38(3):434–49.

20.	 Barbosa R, Randler C, Robaina JVL. Values and environmental knowledge of 
Student participants of Climate strikes: a comparative perspective between 
Brazil and Germany. Sustainability. 2021;13:14.

21.	 Munoz F, Bogner F, Clement P, Carvalho GS. Teachers’ conceptions of nature 
and environment in 16 countries. J Environ Psychol. 2009;29(4):407–13.

22.	 Oerke B, Bogner FX. Gender, age and subject matter: impact on teachers’ 
ecological values. Environmentalist. 2010;30(2):111–22.

23.	 Randler C, Díaz-Morales JF, Rahafar A, Vollmer C. Morningness–eveningness 
and amplitude – development and validation of an improved composite 
scale to measure circadian preference and stability (MESSi). Chronobiol Int. 
2016;33(7):832–48.

24.	 Dumont P, Bäck H. Why so few, and why so late? Green parties and the ques-
tion of governmental participation. Eur J Polit Res. 2006;45(s1).

25.	 Schneller AJ, Johnson B, Bogner FX. Measuring children’s environmental 
attitudes and values in northwest Mexico: validating a modified version of 
measures to test the model of ecological values (2-MEV). Environ Educ Res. 
2013;21(1):61–75.

26.	 Venta A, Bailey CA, Walker J, Mercado A, Colunga-Rodriguez C, Angel-Gon-
zalez M, et al. Reverse-coded items do not work in Spanish: data from four 
samples using established measures. Front Psychol. 2022;13:828037.

27.	 Marsh HW. Positive and negative global self-esteem: a substantively mean-
ingful distinction or artifactors? J Pers Soc Psychol. 1996;70(4):810–9.

28.	 Williams PDM. M. Security studies - an introduction. 4th ed. London: Rout-
ledge; 2023.

29.	 Sleep CE, Lynam DR, Miller JD. A comparison of the validity of very brief 
measures of the big Five/Five-Factor model of personality. Assessment. 
2021;28(3):739–58.

30.	 Clark LA, Watson D. Constructing validity: basic issues in objective scale 
development. Psychol Assess. 1995;7(3):309–19.

31.	 Horzum MB, Ayas T, Padir MA. Beş Faktör Kişilik Ölçeğinin Türk Kültürüne 
Uyarlanmasi. Sakarya Univ J Educ. 2017:398–408.

32.	 Galesic M, Bosnjak M. Effects of Questionnaire length on participa-
tion and indicators of response quality in a web survey. Pub Opin Q. 
2009;73(2):349–60.

33.	 Rammstedt B, John OP. Measuring personality in one minute or less: a 
10-item short version of the big five inventory in English and German. J Res 
Pers. 2007;41(1):203–12.

34.	 Werner L, Geisler J, Randler C. Morningness as a personality predictor of 
punctuality. Curr Psychol. 2014;34(1):130–9.

35.	 Rammstedt B, Beierlein C. Can’t we make it any shorter? The limits of Per-
sonality Assessment and ways to overcome them. J Individual Differences. 
2014;35:212–20.

36.	 Ziegler M, Kemper C, Kruyen P. Short scales-five misunderstandings and ways 
to overcome them. 2014.

37.	 Zhang JW, Howell RT, Bowerman T. Validating a brief measure of the Zim-
bardo Time Perspective Inventory. Time Soc. 2013;22(3):391–409.

38.	 Robins RW, Tracy JL, Trzesniewski K, Potter J, Gosling SD. Personality correlates 
of self-esteem. J Res Pers. 2001;35(4):463–82.

39.	 Nunnally JD, editor. Editor psychometric theory. 2nd ed. New York: McGraw-
Hill; 1978.

40.	 Bogner FX. Einstellungen Und Werte Im Empirischen Konstrukt Des 
Jugendlichen Natur- Und Umweltschutzbewusstseins: Ein Handbuch für 
Lehramtsstudenten Und Doktoranden. In: Kruger D, Vogt H, editors. Theorien 
in Der Biologiedidaktischen Forschung. 1st ed. Berlin/Heidelberg: Springer; 
2007. pp. 221–30.

41.	 Patil VH, Singh SN, Mishra S, Donavan TD. Parallel Analysis Engine to Aid in 
Determining Number of Factors to Retain using R [Computer software]. 2017.

42.	 Zhang Z, Yuan K-H. Practical Statistical Power Analysis Using Webpower and 
R2018.

43.	 Beavers AS, Lounsbury JW, Richards JK, Huck SW, Skolits GJ, Esquivel SL. 
Practical Consideration for Using Exploratory Factor Analysis in Educational 
Research. Practical Assessment, Research, and Evaluation:. 2013;18(6).

44.	 Costello AB, Osborne J. Best practices in exploratory factor analysis: four 
recommendations for getting the most from your analysis. Practical Assess 
Res Evaluation. 2019;10(7).

45.	 Baierl T-M, Kaiser FG, Bogner FX. The supportive role of environmental atti-
tude for learning about environmental issues. J Environ Psychol. 2022;81.

46.	 Baierl T-M, Johnson B, Bogner FX. Assessing environmental attitudes and cog-
nitive achievement within 9 years of Informal Earth Education. Sustainability. 
2021;13(7):3622.

47.	 Bogner FX, Wiseman M. Outdoor Ecology Education and Pupil’s Environmen-
tal Perception in Preservation and Utilization. Sci Educ Int. 2004;15(1).

48.	 Baierl T-M, Johnson B, Bogner FX. Informal Earth Education: significant shifts 
for environmental attitude and knowledge. Front Psychol. 2022;13.

49.	 Bogner FX, Wiseman M. Environmental perception of rural and urban pupils. 
J Environ Psychol. 1997;17(2):111–22.

50.	 Bogner FX, Wiseman M. Environmental perception of French and some west-
ern European secondary school students. Eur J Psychol Educ. 2002;17(1):3–18.

51.	 Bogner FX, Suarez BR. Environmental preferences of adolescents within a low 
ecological footprint country. Front Psychol. 2022;13:894382.

52.	 Schneiderhan-Opel J, Bogner FX. Cannot see the forest for the Trees? Com-
paring learning outcomes of a field trip vs. a Classroom Approach. Forests. 
2021;12(9):1265.

53.	 Schneiderhan-Opel J, Bogner FX. The Effect of Environmental values on 
German primary School Students’ knowledge on Water Supply. Water. 
2021;13(5):702.

54.	 Raab P, Bogner FX. Knowledge acquisition and environmental values in a 
microplastic learning module: does the learning environment matter? Stud 
Educational Evaluation. 2021;71:101091.

55.	 Tabachnick BG, Fidell LS. Using multivariate statistics, 5th ed. Boston, MA: 
Allyn & Bacon/Pearson Education; 2007. xxvii, 980-xxvii, p.

56.	 Floyd FJ, Widaman KF. Factor analysis in the development and refinement of 
clinical assessment instruments. Psychol Assess. 1995;7(3):286–99.

57.	 Härtel T, Randler C, Baur A. Using species knowledge to promote pro-
environmental attitudes? The Association among species Knowledge, 
Environmental System Knowledge and attitude towards the environment in 
secondary School students. Anim (Basel). 2023;13(6).

58.	 Moore R, Kraemer K. The teaching of Evolution & Creationism. Am Biology 
Teacher. 2005;67(8):457–66.

59.	 Kleespies MW, Braun T, Dierkes PW, Wenzel V. Measuring connection to 
Nature—A Illustrated Extension of the inclusion of Nature in Self Scale. 
Sustainability. 2021;13(4).

60.	 Svetina Valdivia D, Rutkowski L, Rutkowski D. Multiple-group invariance with 
categorical outcomes using updated guidelines: an illustration using M plus 
and the lavaan/semTools packages. Struct Equation Modeling: Multidisci-
plinary J. 2019;27:1–20.



Page 12 of 12Randler et al. BMC Psychology          (2024) 12:300 

61.	 Bollen KA. Structural equations with latent variables. John Wiley & Sons, Inc.; 
1989.

62.	 Lt H, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: 
conventional criteria versus new alternatives. Struct Equation Modeling: 
Multidisciplinary J. 1999;6(1):1–55.

63.	 Kline RB. Principles and practice of structural equation modeling. 4th ed. 
Guilford Press; 2016.

64.	 Akaike H. A new look at the statistical model identification. IEEE Trans Autom 
Control. 1974;19(6):716–23.

65.	 Brown TA. Confirmatory factor analysis for applied research. The Guilford; 
2006.

66.	 Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for Testing 
Measurement Invariance. Struct Equation Modeling: Multidisciplinary J. 
2002;9(2):233–55.

67.	 Chen FF. Sensitivity of goodness of fit indexes to lack of Measurement Invari-
ance. Struct Equation Modeling: Multidisciplinary J. 2007;14(3):464–504.

68.	 Gosling SD, Rentfrow PJ, Swann WB. A very brief measure of the big-five 
personality domains. J Res Pers. 2003;37(6):504–28.

69.	 Diener E, Wirtz D, Tov W, Kim-Prieto C, Choi D-w, Oishi S, et al. New Well-being 
measures: short scales to assess flourishing and positive and negative feel-
ings. Soc Indic Res. 2010;97(2):143–56.

70.	 Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines for the process 
of cross-cultural adaptation of self-report measures. Spine (Phila Pa 1976). 
2000;25(24):3186–91.

71.	 Stanton JM, Sinar EF, Balzer WK, Smith PC. Issues and strategies for reducing 
the length of Self-Report scales. Pers Psychol. 2006;55(1):167–94.

72.	 Schwarz N, Oyserman D. Asking questions about behavior: Cogni-
tion, communication, and questionnaire construction. Am J Evaluation. 
2001;22(2):127–60.

73.	 Echavarren JM. The gender gap in environmental concern: support for an 
Ecofeminist Perspective and the role of gender egalitarian attitudes. Sex 
Roles. 2023;89(9–10):610–23.

74.	 Randler C, Adan A, Antofie MM, Arrona-Palacios A, Candido M, Boeve-de 
Pauw J et al. Animal Welfare Attitudes: Effects of Gender and Diet in Univer-
sity Samples from 22 Countries. Animals (Basel). 2021;11(7).

75.	 Byrne BM, Shavelson RJ, Muthén B. Testing for the equivalence of factor 
covariance and mean structures: the issue of partial measurement invariance. 
Psychol Bull. 1989;105(3):456–66.

76.	 Wiernik BM, Ones DS, Dilchert S. Age and environmental sustainability: a 
meta-analysis. J Managerial Psychol. 2013;28(7/8):826–56.

77.	 Thorn C, Bogner F. How environmental values Predict Acquisition of different 
cognitive knowledge types with regard to Forest Conservation. Sustainability. 
2018;10(7).

78.	 Liefländer AK, Bogner FX. Educational impact on the relationship of environ-
mental knowledge and attitudes. Environ Educ Res. 2016;24(4):611–24.

79.	 Sellmann D, Bogner FX. Effects of a 1-day environmental education interven-
tion on environmental attitudes and connectedness with nature. Eur J 
Psychol Educ. 2012;28(3):1077–86.

80.	 Bogner F. The influence of short-term Outdoor Ecology Education on Long-
Term variables of environmental perspective. J Environ Educ. 1998;29:17–29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Development and psychometric validation of a brief scale to measure environmental perception based on the 2-major environmental values model in adolescents and adults
	﻿Abstract
	﻿Background
	﻿Scale evolution is important
	﻿Short scales and brief measures are needed
	﻿Goals of this study
	﻿Study I: development of a brief measure of the 2-MEV scale
	﻿Methods
	﻿Statistical analysis

	﻿Results
	﻿Study II – adult and adolescent sample



