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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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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.

Keywords Environmental attitudes, 2-MEV model, Brief measurements

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
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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
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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-MEYV 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 a. 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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Table 1 Comparison of the factors of the exploratory factor
analysis and the parallel analysis based on random eigen-values

Factors Random Eigen-value  Explained Cumulative
eigen-value variance  explained
(in %) variance
(in %)
1 146 552 2761 2761
2 1.38 1.92 9.60 37.22
3 1.31 159 7.94 45.15
4 1.26 134 6.71 51.86

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-MEYV 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.
x2=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].

Eigen-value
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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. x2=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 a was between 0.7 and
0.8, a lower a 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)

6 7 8 9

Fig. 1 Eigen-values of the exploratory factor analysis

10

11 12 13 14 15 16 17 18 19 20

factor
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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 'Bogner and Wiseman [7], *Baierl, Kaiser [45], *Baierl,
Johnson [46], “Bogner and Wiseman [12], >Bogner and Wiseman
[47], ®Johnson and Manoli [11], "Baierl, Johnson [48], 8Bogner and
Wiseman [49], °Bogner and Wiseman [50], '°Bogner and Suarez
[51], 'Schneiderhan-Opel and Bogner [52], '*Schneiderhan-Opel
and Bogner [53], ®Raab and Bogner [54]

UTL PRE h
Human beings are more important than ~ 0.743 -0.066 0.556
other creatures." %1213
Plants and animals exist primarily to be 0.696 0.088 0.492
used by humans.*>
Mankind was created to rule over therest  0.678 0.105 0.471
of the nature.>*>
Humans need not adapt the natural 0.589 -0.177 0378
environment, because they can remake it
to suit their needs 2> 12
Worrying about the environment often 0.552 -0.157 0329
holds up development projects.’?
If I get extra pocket money, | will donate  —0.547  0.300 0.390
a part of it to an environmental organiza-
tion 3678
When | am older, | will actively participate —0.544  0.465 0.512
in a nature conservation group.*>8°?
| often try to persuade others that the -0.500 0446 0.448
environment is an important thing. > &
Environmental protection costs a lot of -0.468 0373 0.359
money. | am willing to help with a collec-
tion, 3459
People worry too much about pollu- 0.457 -0.294 0.295
tion.2' 10,11,12,13
We need to clear forests in order to grow  0.450 -0.244 0.262
C?’Ops.w' 10,11,12,13
We must build more roads so people can  0.409 -0.295 0255
travel to the countryside.” 7111213
I'would really enjoy sitting at the edge -0019  0.775 0.601
of a pond watching dragonflies in
flight,!»3:45.6.8:9,11.12
I really like to be able to go on trips into —-0.040 0.707 0.501
the countryside - for example to forests or
ﬁe|d5l1,3,4,5,8,9,11,12
I have a sense of well-being in the silence —0.072  0.690 0.482
of nature 34589
Itis interesting to know what kinds of -0.112 0.586 0356
creatures live in the lagoons or in the
rivers.!0 12
To collect garbage in nature, | would -0355 0.524 0.401

sacrifice my free time 27

You are welcome to pick a protected flow- 0.085 -0341 0123
er if many of them grow in one place.*

I save water by taking a shower -0211 0286 0.126
instead of a bath (in order to spare

Water).”' 3,4,5,7,8911,12,13

Only plants and animals of economi- 0.217 -0.245 0.107

cal importance need to be protect-
ed 1,2,8,11,12,13
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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 0.854 0034 0730
used by humans.

Mankind was created to rule over therest ~ 0.844  —-0.041 0.715
of the nature.

Human beings are more important than 0.768 —-0.159 0616
other creatures.

I enjoy trips to the countryside - for ex- -0.067 0.836 0.704
ample to forests or fields.

I'would really enjoy sitting at the edge ofa  —0.040 0.834  0.697
pond watching dragonflies in flight.

I have a sense of well-being in the silence —0.125 0.790  0.639
of nature.

Cronbach’s a 0.737 0.740

may also contribute to this lower a. 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 tiber 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 Il - 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
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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 (Tiibingen, 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-Wiirttem-
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

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 0.858  —0.096 0.746
to forests or fields.

I have a sense of well-being in the silence 0.835 -0.132 0715
of nature.

I'would really enjoy sitting at the edgeofa ~ 0.834  —0.007 0.695
pond watching nature.

Mankind should rule over the rest of the —-0.098 0.880 0.785
nature.

Plants and animals exist primarily to be used —0.047 0.822 0678
by humans.

Human beings are more important than -0.084 0.809 0662
other creatures.

Cronbach’s a 0.792 0.787
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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 (x*) — A
lower value indicates better fit; Chi-squared p-value (x’p-
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 (#=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. ACFI<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. x2=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.
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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

X2 1272.723 90.957
df 9 9
x’p-value <0.001 <0.001
CMIN/df 141414 10.106
L 0316 0.956
CFI 059 0973
RMSEA 0.291 0.074
PCLOSE 0.001 0.002
AIC 1308.723 114.957

16.598 Lower=better
8

0.035 >0.05

2.075 <3

0.995 >0.95

0.997 >0.95

0.025 <0.08

0.992 Closer 1.0
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

X 810.915 77327 48.288 Lower =better
df 9 9 8 -
x’p-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 0616 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
AlC 846.915 113.327 86.288 Lower =better
-0.24
0.78 /372 0.59\‘ 062\
PRE1 PRE2 PRE3 UTL1 uTL2 uTL3

Fig. 2 Results of CFA with factor correlations and loadings for the 2-MEV model

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 (Ax* = 49.617, Adf=16,
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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  CFl RMSEA  SRMR
Overall Model 50.785 8 0995  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 32428 8 0.994 0.032 0.018
Configural Model 49.617 16 09%  0.029 0.017
Metric Model 75467 20 0.993 0.033 0.023
Scalar Model 134.56 24 0985 0043 0.027
Strict Model 337.947 30 096 0.064 0.041
Multigroup Confirmatory Factor Analysis across age groups

Model X2 df  CFl RMSEA  SRMR
Adults Model 32.087 8 0.996 0.03 0.016
Adolescents Model 54.653 8 0978  0.058 0.034
Configural Model 86.739 16 0991 0.041 0.022
Metric Model 98.538 20 0.99 0.039 0.024
Scalar Model 483.391 24 0944  0.086 0.049
Strict Model 1309416 30 0845 0.128 0.077

CFl=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]

ACFI=0.996; AY® = 75.467, Adf=20, ACFI=0.993,
respectively, see Table 7). We then proceeded with
our stepwise approach and the scalar measurement
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invariance was supported at the threshold ACFI>0.01
(Ax® = 134.56, Adf=24, ACFI=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 (Ax® = 86.739, Adf=16,
ACFI=0.991; Ay* = 98.538, Adf=20, ACFI=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 (Ax* = 483.391, Adf=24,
ACFI1=0.944; Ay* = 1309.416, Adf=28, ACF1=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 — Ila)) and UTL scores (Table 9; Fig. 3 — IIb)). The

[ Adolescents
[l Adults

Estimated marginal means

male female

Gender

Fig. 3 I: Relationship between age in years and (a) preservation attitudes (PRE) / (b) utilization attitudes (UTL). II: Differences in (@) PRE / (b) UTL scores

across gender (male/female) and age groups (adolescents/adults)



Randler et al. BMIC Psychology (2024) 12:300

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

Source of variance  df Mean of F-value P Partial

squares eta-
squared

Corrected model 3 95.831 162954 <0.001 0.088

Gender (male/ 1 65.092 110684 <0.001 0.021

female)

Age Category 1 208826  355.094 <0.001 0.066

(adolescent/adult)

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 F-value P Partial

squares eta-
squared

Corrected model 3 90.748 131608 <0.001 0.072

Gender (male/ 1 117324 170149 <0.001 0.033

female)

Age Category 1 123.118 178552 <0.001 0.034

(adolescent/adult)

Gender*Age 1 0.187 0.272 0.602 0.000

Error 5059 0.690

Total 5063

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.,
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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
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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
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