
The “Plural Values of Nature” scale: A validated psychometric scale to 
measure instrumental, intrinsic and relational values

Arjen E. Buijs a,* , Sabrina Dressel a , Jette B. Jacobsen b , Tim M. de Kruiff b ,  
Laura C. Quintero-Uribe c , Angus Monro Smith a , Christian Gamborg b

a Forest and Nature Conservation Policy Group, Wageningen University, P.O Box 47, Wageningen, 6700 AC, the Netherlands
b Department of Food and Resource Economics, University of Copenhagen, Rolighedsvej 23, 13, Frederiksberg C, 1958, Denmark
c German Centre for Integrative Biodiversity Research (iDiv) Inst. of Biology, Martin Luther Univ. Halle-Wittenberg Saxony, Universitàtsplatz 10, Halle, 06108, Germany
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A B S T R A C T

Sustainability transformations critically depend on understanding, assessing and monitoring the plural values of 
nature held across societies. However, while conceptual frameworks increasingly acknowledge a plurality of 
values, reliable and practical indicators to assess these values remain scarce. We introduce the Plural Values of 
Nature (PVN) scale, integrating intrinsic, instrumental, and relational values into one multi-dimensional scale. 
This psychometric scale consists of 11 items and is designed to capture both distinctiveness and overlap of values. 
Using a seven-step process that includes literature review, expert evaluation, qualitative and cognitive in
terviews, quantitative pre-testing, pilot testing and final validation, the scale is refined and validated across five 
European countries using general-public samples (N = 1007). The final 11-item PVN showed a stable three-factor 
structure and generally good reliability across countries, with comparable factor loadings but not absolute score 
levels. Analysis shows predictive and incremental validity, adding 6.7–13.3 percentage points of explained 
variance beyond the RNEP and explaining an additional 5.7–13.6 percentage points in local restoration attitudes 
and management actions beyond country differences. Based on the development and validation of the PVN, we 
discuss methodological and conceptual issues and unpack the plurality of values of nature. Descriptive profile 
analyses further showed that multiple value dimensions commonly co-occur within individuals. As a concise 
survey-based social indicator, the PVN scale can be used to take stock of the plural values that societies hold 
regarding the future development of nature, to examine their associations with environmental attitudes, and to 
monitor value patterns over time within comparable contexts.

1. Introduction

1.1. Background

The world is facing unprecedented environmental challenges, espe
cially related to climate change and biodiversity loss. The Kunming- 
Montréal Global Biodiversity Framework (GBF) in 2022 has established 
biodiversity safeguarding targets to be reached in 2030 as well as targets 
to ensure sustainable use of nature (Hughes and Grumbine, 2023). In 
addition, the IPBES Transformative Change Assessment has argued for 
transformative change towards more nature-inclusive societies. Chang
ing human-nature relationships and strengthening nature-positive 
values is considered an important pathway towards sustainable 

transformations (IPBES, 2024; Lengieza et al., 2023).
A range of indicators that can measure both biophysical and social 

aspects of these transformative societal changes are needed. Recent 
synthesis of the diverse values literature argue that value indicators 
should not be limited to biophysical or monetary measures, but should 
also include socio-cultural indicators that capture people–nature re
lationships and the plurality of ways in which nature matters to people 
(Pascual et al., 2023). In another strand of literature, looking holistically 
at social-ecological systems is seen as foundational to understanding 
connections between the natural environment and people (Colding and 
Barthel, 2019). However, current biodiversity monitoring and policy 
practices still rely predominantly on biophysical and, to a lesser extent, 
monetary indicators. This highlights the need for reliable social 
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indicators that can assess and monitor plural values of nature across 
populations and over time. Against this background, this paper in
troduces the Plural Values of Nature scale - a survey-based psychometric 
scale capable of measuring the endorsement of plural values of nature 
within societies.

Support for system-wide transformation depends, in part, on people's 
perceptions, values and cognition (Patterson et al., 2017). In democratic 
societies, societal transformation can only succeed if supported by a 
significant proportion of the general population (Buijs et al., 2025). In 
addition, views on the value of nature vary within and between socio
demographic groups, communities, cultures, countries and regions 
(Buijs et al., 2009; Kloek et al., 2017). Indeed, the IPBES Values 
Assessment (IPBES, 2022) and the IPBES Transformative Change 
Assessment (IPBES, 2024) argue for the need to explicitly acknowledge 
and explore the many different values of nature. Incorporating a wide 
spectrum of values. Furthermore, releasing latent “nature-positive 
values” is suggested as an important leverage point for sustainable 
transformations (Horcea-Milcu et al., 2023; IPBES, 2024). Recognition 
of the plural values of nature allows for the inclusion of diverse groups 
and worldviews in environmental management (Chan et al., 2016) and 
addresses the widely acknowledged need to increase sensitivity to jus
tice impacts of sustainable transformations (Bennett et al., 2019). Dif
ferences in values can also point at different transition pathways as 
preferable. Martin et al. (2024) analyse how different transformation 
pathways (e.g., green economy, earth stewardship and biocultural di
versity, nature protection, and degrowth and postgrowth) vary in values 
prioritized and emphasised, and they argue for a debate around these as 
needed to address environmental crises. Similarly, for practical decision 
making, sustainability assessments are also increasingly asking for 
broadening the scope to provide a more holistic approach (Bond et al., 
2025).

This increased focus on the relevance of the plural values of nature, 
and the extensive theoretical and conceptual developments over the last 
years in understanding these concepts (IPBES, 2022, 2024), suggests the 
need for understanding how the plurality of values can be measured and 
incorporated in inclusive environmental policies. In this paper we 
engage with this need through developing and testing a psychometric 
scale that empirically measures the plural values of nature and can 
function as a survey-based social indicator for assessing and monitoring 
these values across populations.

1.2. Values of nature

The concept of values is conceptualised in different ways, both 
within and across fields. Psychology treats values primarily as motiva
tional constructs internal to the individual, as “desirable goals that 
transcend situations and serve as guiding principles in people's lives in 
general” (Schwartz, 1992). This relationship with behaviour is for 
example reflected in the value-attitude-behavior (VAB) cognitive hier
archy model first presented by Homer and Kahle (1988), and extensive 
research has illustrated the relevance of values for understanding atti
tudes and behaviours (Steg, 2016).

To understand the richness of people's relationships to non-human 
nature, the IPBES Value assessment argues for the need to distinguish 
worldviews, knowledge systems, broad values and specific values. 
Where broad values are generally considered to be stable, specific values 
are more changeable over time (IPBES, 2022). Our proposed scale 
focusses on the specific values of nature. Specific values of nature have 
been conceptualised into three broad categories - instrumental, intrinsic 
and relational values (Chan et al., 2016; IPBES, 2022; Muraca, 2011; 
Pascual et al., 2023). However, decades of philosophical, sociological 
and psychological explorations of their ontological, epistemological, 
conceptual, and empirical underpinnings (e.g. Buijs, 2009; Chan et al., 
2018; Gould et al., 2024; Himes et al., 2024; Kempton et al., 1995; 
Lockwood, 1999; Muraca, 2011; Stålhammar and Thorén, 2019) have 
shown that this categorisation is not without issues. In particular, for 

psychometric scale development it is important to acknowledge that the 
three categories are not easily distinguishable or separated. As high
lighted in recent scholarship (Himes et al., 2024; Kenter et al., 2019), 
fuzzy boundaries exist between them, with a high degree of overlap. 
Moreover, many individuals simultaneously endorse multiple values 
from each of the categories, as shown in the applied literature (e.g. 
Uggeldahl et al., 2025). In addition, the ontological and epistemological 
characteristics of relational values, and whether and how they are 
ontologically or conceptually different from instrumental and intrinsic 
values, is still under debate (Gould et al., 2024; James, 2022; 
Luque-Lora, 2023; Stålhammar and Thorén, 2019).

Instrumental values can be conceptualised as being based on the 
value that an individual and/or society may derive from nature, that is, 
from animals, plants, ecosystems and natural processes (Himes and 
Muraca, 2018). Instrumental values are the values of living entities as 
means to achieve human-defined ends, or to satisfy human preferences 
(Pascual et al., 2017), or the basis of services and benefits that nature can 
provide for human beings (See et al., 2020). One important character
istic of instrumental values is that they are transactional, and in prin
ciple substitutable, though not always in practice (Himes et al., 2024).

Intrinsic values have been explored extensively in environmental 
philosophy. Central to the various understandings of the concept are 
three key elements: i) the inherent, non-relational properties of nature 
and/or natural objects; ii) the value of nature independent of human 
valuation and judgment, and iii) natural entities as bearer of inherent 
moral value as ends in themselves, and subjects/objects with their own 
good (O'Neill, 1992). In the IPBES approach, intrinsic value is defined as 
the “ inherent value, that is the value something has independent of any 
human experience or evaluation. Such a value is viewed as an inherent 
property of the entity (e.g., an organism) and not ascribed or generated 
by external valuing agents (such as human beings)” (Pascual et al., 2017: 
14). Unlike instrumental values, intrinsic values cannot be substituted.

Relational values as a concept has emerged in the last decade (Chan 
et al., 2016; Gould et al., 2024). Relational values are values of nature 
stemming from, often reciprocal, relationships (interactions, re
sponsibilities) between people and nature or among people through, or 
with regards to, nature (Himes et al., 2024). Importantly, relational 
values have been suggested as a way to break up the dichotomy of 
instrumental and intrinsic values. The notion was first articulated in 
land-use literature by Brown (Brown (1984) as ‘relational realm’ which 
is called a value concept, though importantly not as a suggested third 
value type (Chan et al., 2018). As a value type proper, it was coined in 
the philosophical literature as part of a new axiological framework by 
Muraca (2011) and in a broader sustainability science context by Díez 
et al. (2015) and Chan et al. (2016). The advent of this suggested type 
of value can be seen as a response to a growing critique of (economic) 
environmental valuation (e.g. Spash, 2020) and as an effort to move 
beyond the heavily debated human-nature dichotomy (Himes et al., 
2024). It also responds to critiques that instrumental and intrinsic 
values only capture a narrow spectrum of possible values (R. Gould 
et al., 2024; Himes et al., 2024).

The concept of relational values is still under debate for various 
reasons. Some authors argue that relational value is an addition to 
instrumental and intrinsic value (James, 2022); others that all envi
ronmental values are ultimately relational, or at least that relationality is 
inherent to instrumental and intrinsic values (Luque-Lora, 2023; Norton 
and Sanbeg, 2021). When the term relational values is used, it aims to 
capture a more diverse and equitable array of nature's values than 
intrinsic and instrumental values - meanings and uses. Meanwhile, the 
meaning and use of the concept itself is still quite diverse, with a recent 
review of 72 empirical papers reporting 312 unique relational values 
(Pratson et al., 2023), but also criticising most studies for “not justifying 
how the relational values they studied aligned with core conceptual 
elements unique to relational values” (Ibid, p. 9). Notwithstanding this 
diversity and debate, most conceptualisations converge on a limited 
number of dimensions of relational values including especially place 
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attachment, stewardship, indigenous and spiritual practices, kinship, as 
well as eudemonic values; i.e., living a fulfilling life of care, well-being 
and reciprocity (Anderson et al., 2022; Chan et al., 2018; Feucht et al., 
2023; Himes et al., 2024; Pratson et al., 2023).

1.3. Developing a scale for measuring plural values of nature

The aim of this paper is to develop a psychometrically validated 
quantitative scale that can serve as a survey-based social indicator for 
measuring the plurality of values of nature. Here we focus on the Global 
North, more specifically Europe as a clear spatial boundary in which we 
seek validity for the scale. Such a scale can be used in quantitative 
surveys and can contribute to understanding of not only the diversity of 
values and how they are related, but also how values relate to individual 
attitudes, motivations and preferences for environmental policies, 
stewardship or activism (Richardson et al., 2020; Runhaar et al., 2019; 
Steg, 2016; Taye et al., 2018).

When developing psychometric scales, it is important to already 
identify its potential use. From a socio-ecological perspective, it is 
helpful if the scale can be used jointly with ecological and biophysical 
indicators to inform important trade-offs and management decisions. As 
shown by Strange et al. (2024), especially relatively simple measures are 
often used to convey the message for communication and policy making 
(e.g. species number or hectares to measure ecological value). This 
trade-off between depth, nuance and brevity is also relevant to social 
indicators (Ibid.).

A related concern is its relevance and practicality for management. A 
lack of recognition of local communities' priorities has frequently been 
raised as a concern, and is linked to the emergence of conflicts (Blondet 
et al., 2017). For societal transformations to be successful, they require 
understanding of stakeholders' values and perceptions. Consequently, 
we aim for a psychometric scale that can capture nuances of people's 
values in a way that allows for flexible application in on-the-ground 
conservation practices.

A psychometric scale consists of a set of questionnaire items designed 
to measure a specific latent construct in a reliable and valid way. Such a 
scale should consistently produce similar results when used repeatedly 
under similar conditions, and should accurately measure the latent 
construct(s) it is intended to measure. Given the overlap and inherent 
fuzzy boundaries between intrinsic, instrumental and relational values 
of nature, it can be expected that some items may cross-load across these 
value types. Such cross-loadings are conceptually coherent with the 
plural and fuzzy nature of the specific values of nature (Himes et al., 
2024). The scale we have developed in this paper is explicitly 
designed to capture the distinctiveness of these value types whilst ac
commodating for their overlap and fuzzy boundaries. Nonetheless, there 
is a fundamental trade-off that has to be considered: While a larger 
number of items within a scale intended to measure several overlapping 
latent constructs could potentially better capture differences between 
the constructs, the number of items has to be balanced against the scale's 
potential practical use and the need for scale brevity in order to maxi
mize response rate in survey research (Robinson, 2018).

A valid psychometric scale to measure the plurality of values of na
ture must respond to several criteria. Based on methodological literature 
on psychometric scales (G. O. Boateng et al., 2018; Hair et al., 2019; 
Robinson, 2018), conceptual considerations of the plurality of values of 
nature with potential fuzzy boundaries (Himes et al., 2024; Pascual 
et al., 2023) and pragmatic limitations to the length of a scale to be 
used in real-life empirical research (Stern et al., 1998), we suggest four 
distinct criteria: First, a psychometric scale by definition must be vali
dated conceptually, empirically, and statistically with representative 
samples of the general public (Boateng et al., 2018). Second, in order to 
understand the plurality of values, the potential conceptual overlap 
between values as well as potential empirical co-occurrence of multiple 
values, the scale should measure all three values simultaneously. Third, 
as the three values potentially co-occur, and have fuzzy boundaries, 

their empirical distinction may vary across countries and/or specific 
cultures. Therefore, the geographical scope of the scale must be clear, 
and its factor structure, reliability, and measurement equivalence should 
be evaluated cross-nationally. Fourth and last, the scale must be useable 
for real-life research, most notable for surveys of diverse publics. 
Consequently, the number of items must be limited to allow sufficient 
space for other concepts to be measures in surveys, such as attitudes, 
beliefs, behaviours, nature experiences etc. (Stern et al., 1998). Obvi
ously, this last point involves some trade-offs with the other criteria – as 
will also be clear in the proposed scale and feature as an aspect in the 
discussion.

To develop indicators of the values of nature people and societies 
endorse, as well as the relative endorsement of a specific value relative 
to other values, it is important to develop scales that measure the 
different values simultaneously (IPBES, 2022; Lengieza et al., 2023; 
Raymond et al., 2023). In recent years, various item batteries and scales 
have been developed to measure relational values as a single concept, or 
in combination with other values (e.g. Feucht et al., 2023; Klain et al., 
2017; Lengieza et al., 2023; Lengieza et al., 2025; Lou et al., 2025; 
Post, 2026; Saito et al., 2021; See et al., 2020). These item batteries and 
scales differ significantly in length, conceptual focus, theoretical 
strength, and validation procedures. Not all have rigorous psychometric 
examinations (Mrotek et al., 2019; Klain et al., 2017) or are based on 
student samples (Feucht et al., 2023); other scales focus only (Post, 
2026; Saito et al., 2021) or predominantly on relational values, with 
only rather minimal operationalisation of other values (See et al., 2020).

In addition, several well established and cross-culturally validates 
scales which attend to human-nature relationships already exist, such as 
the revised New Ecological Paradigm scale (RNEP; (Dunlap et al., 2000), 
the Connectedness to Nature scale (Mayer and Frantz, 2004), and the 
Environmental Concerns scale (Schultz, 2001). These scales do not 
explicitly target values of nature, but rather related constructs such as 
environmental concern and connection with nature. Assessing whether a 
new plural values scale can explain additional variation in environ
mental attitudes alongside such established measures is therefore an 
important component of its validation.

Recently, two comprehensive scales that measure instrumental, 
intrinsic and relational values of nature simultaneously have also been 
developed and validated (Lengieza et al., 2023; Lou et al., 2025), next to 
a scale that has only been validated with student samples (Feucht et al., 
2023). Both Lengieza et al., 2023a,b; Lou et al., 2025 are formally 
validated in cross-cultural studies, using item batteries consisting of 24 
(Lengieza et al., 2023) and 18 items (Lou et al., 2025). These scales differ 
significantly in the conceptualisation of values, most notably of rela
tional values. Where Lou et al. (2025) has much focus on kinship and 
emotional connectedness with nature, with one item related to the 
spiritual values of nature, Lengieza et al. (2023) puts more focus on 
place attachment, community identity and traditions. Meanwhile, 
neither include items related to fulfilment and well-being through living 
a good and meaningful life (eudaimonia), a key element of relational 
values according to several authors (Himes et al., 2024; IPBES, 2022; 
Van den et al., 2018). Our scale contributes to this suite of available 
scales while adding some distinct features, which we introduce below.

In the next section, we will introduce and validate the “Plural Values 
of Nature (PVN) scale”. We evaluate its dimensional structure, reli
ability, convergent and discriminant validity, measurement invariance 
across countries, incremental validity relative to the RNEP, and pre
dictive validity regarding attitudes towards ecological restoration. The 
scale integrates all three values described above as different dimensions 
within one psychometric instrument. To optimize the scales usability 
and potential for inclusion within larger questionnaires (Stern et al., 
1998), we aim for a condensed scale.

2. Materials and methods

We developed the Plural Values of Nature (PVN) scale, following 
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recommended development and validation practices as outlined by Hair 
et al. (2019) and Boateng et al. (2018), via seven steps (Fig. 1). Table S1
in the supplementary material provides the formulation of all items at 
each step and the changes made between them. Fig. 3 provides the 
formulation of the items in the final scale. We developed PVN simulta
neously within multiple (European) countries and related cultural 

settings, and subsequently validated the scale in multiple countries, 
which required additional considerations regarding the scale validation 
and statistical analysis. Thus, special attention was given to existing 
guidelines for cross-cultural scale adaptations during the development 
and validation of the scale.

Fig. 1. Methodological overview of PVN scale development and validation process. The figure shows the chronological steps taken for scale development and 
validation including assessment procedures, used samples, numbers of items and retained factors. CFA refers to confirmatory factor analysis.
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2.1. Instrument development

An extensive narrative literature review was carried out to identify 
existing related scales and explore relevant subdimensions that should 
be considered within each value type. For instrumental values, we drew 
from previous conceptualisations of ecosystem services (ESS) and Na
ture's Contributions to People (NCP), differentiating between three 
subdimensions of instrumental values: material, non-material, and 

regulating contributions to people (Fig. 2) (Diaz et al., 2018). For intrinsic 
values, we build on existing conceptualisations that distinguish (at least) 
two subdimensions: nature as an end in itself and the recognition that 
nature has value beyond human benefit (Himes et al., 2024). The con
ceptualisation of relational values proved to be the most difficult, as this 
relatively new concept is still in development, and is conceptually quite 
rich, complex, and culturally diverse (Gould et al., 2024; Himes et al., 
2024; Klain et al., 2017; Pascual et al., 2023). Due to the conceptual 

Fig. 2. Overview of the values and their subdimensions, including references and examples from previous studies used as inspiration for the PVN scale.

A.E. Buijs et al.                                                                                                                                                                                                                                  Environmental and Sustainability Indicators 32 (2026) 101576 

5 



complexity of relational values, their as-yet-undecided conceptual 
boundaries, and their potential overlap with especially instrumental 
values (Himes et al., 2024), we decided to first identify subdimensions 
for relational values from the IPBES Value Assessment, which differen
tiates between place attachment and identity; fulfilment and well-being 
(eudemonia); spirituality; and care (as stewardship responsibility) 
(IPBES, 2022). Based on other reviews of relational values (Feucht et al., 
2023; Pratson et al., 2023), we added the notion of kinship with 
nonhuman entities as a fifth subdimension. We then mapped items from 
existing scales for relational values (Feucht et al., 2023; Klain et al., 
2017) onto these subdimensions, and formulated some new items 
alongside these. Together with the three subdimensions for instrumental 
values and two subdimensions for intrinsic values this resulted in a final 
set of ten subdimensions which were used as the basis for formulating 
the scale (Fig. 2).

An initial set of items related to these 10 subdimensions was pro
duced by both drawing items from pre-existing scales (Feucht et al., 
2023; Klain et al., 2017) and formulating some new items alongside 

these. This initial formulation of items was then validated in an online 
workshop with all coauthors as well as in 16 cognitive interviews with 
people not professionally engaged in conservation or research in the 
Netherlands and Denmark (Fig. 1). We then pilot tested 28-items using 
samples of the general public from Denmark, Spain and the Netherlands, 
with the aim of further refining and shortening the item set. This 
resulted in a set of 12 items which were then used in the main study, and 
finally an eventual 11 items following results from this main study 
(Fig. 3). Based on the pilot study, the question stem for the final scale 
was adapted to: “Listed below are statements on different aspects that could 
be important when thinking of nature in the future. Please indicate how much 
of a priority you feel each aspect should have in [respondent's country of 
residence] in the future.” Responses to each item were given on a 7-point 
scale ranging from 1 (not a priority at all) to 7 (the highest priority), with 4 
indicating a moderate priority. A full description of all steps, and changes 
in formulations between each step, can be found in the Supplementary 
Text S1 and Table S1.

As highlighted in recent scholarship (Himes et al., 2024; Kenter et al., 

Fig. 3. Final items of the Plural Values of Nature (PVN) scale, all linked to the stem of the question: "Listed below are statements on different aspects that could be 
important when thinking of nature in the future. Please indicate how much of a priority you feel each aspect should have in [respondent's country of residence] in 
the future?"

A.E. Buijs et al.                                                                                                                                                                                                                                  Environmental and Sustainability Indicators 32 (2026) 101576 

6 



2019) and in the Introduction, the three value dimensions and their 
respective subdimensions are not mutually exclusive but rather overlap 
with fuzzy boundaries. We therefore expected that some items might 
display cross-loadings across factors, reflecting the fact that many peo
ple endorse multiple value types simultaneously while only a minority 
endorse values from only one of the three value types. In addition, in
dividual items may load on different (sub)dimensions. Our validation 
procedure outlined below enabled us to explicitly explore this in the 
results and reflect on this in the discussion.

2.2. Data collection

Statistical scale validation was carried out with three independent 
data collections, each containing samples from multiple countries 
(Fig. 1). First, an online questionnaire was administered with a conve
nience sample of university students from the Netherlands and 
Denmark, some of whom were international students (n = 94 & 
n = 101). After further revisions of the scale (see Results section and 
Table S1–S3), a pilot study was conducted by a professional polling 
agency, with an online questionnaire targeting a representative sample 
of the general public in the Netherlands, Spain and Denmark (n = 3 x 
150) (Table S4). After final iterations of the scale (see results section, 
Table S1, S5-S8), including a back-translation of the survey to check for 
translation inconsistencies, it was administered in October 2024 by a 
professional polling agency as part of a larger online questionnaire on 
restoration and rewilding. To limit any potential bias related to the aim 
of the survey, we positioned the items for our PVN scale at the beginning 
of the questionnaire. The sample consisted of 1007 respondents from the 
general public in the Netherlands (n = 202), Spain (n = 203), Sweden 
(n = 205), Poland (n = 198), and Romania (n = 199; Table S9). The five 
countries were selected pragmatically to provide geographical variation 
across northern, southern, western and eastern Europe, while also 
ensuring sufficient language expertise within the core research team and 
close collaborators to support translation and validation of the survey 
instrument. The selection was intended to provide diverse European test 
contexts rather than to constitute a statistically representative sample of 
European cultures. The studies were conducted according to ethical 
guidelines, including informed consent. The ethics approval for the 
study was given by the Wageningen Research Ethics Committee for 
nonmedical studies involving human subjects (WUR-REC-2024-112).

2.3. Data analysis

For the statistical validation of the scale, a range of common scale 
reliability and validity analysis (Hair et al., 2019) were performed for 
each of the development steps and samples (Fig. 1). Country samples 
were treated separately in the pretesting and pilot study to support the 
cross-cultural adaptation and development of the scale. All data analyses 
was performed in R and statistical significance was set at p < 0.05. 
Confirmatory factor analyses (CFA) were estimated using the lavaan 
package in R (v0.6-7; Rosseel, 2012).

Across all data collections, we evaluated the performance of indi
vidual items using basic descriptive statistics, including mean values, 
standard deviations (SD), skewness, kurtosis, and response range to 
assess the clarity of the items and response options and to check for 
potential ceiling or floor effects (mean values > 6.5 or < 1.5). To assess 
the dimensional structure of the scale, exploratory factor analyses (EFA) 
using principal axis factoring with direct oblimin rotation were con
ducted during the pretesting and pilot stages to guide item refinement. 
The theoretically derived three-factor structure was subsequently tested 
using multi-group CFA in the independent final validation sample 
(Fig. 1). Factor loadings ≥0.40 were considered substantively relevant, 
and items loading ≥ 0.40 on more than one factor were considered cross- 
loading. Because the final survey data did not meet multivariate 
normality assumptions, CFA models were estimated using robust 
maximum likelihood (MLR). Model fit was evaluated using the 

Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), Root Mean 
Square Error of Approximation (RMSEA), and Standardized Root Mean 
Square Residual (SRMR).

The reliability of the factors obtained was assessed using Cronbach's 
alpha. Convergent validity was evaluated using Average Variance 
Extracted (AVE), with values of approximately 0.50 or higher indicating 
that a factor explained at least half of the variance in its indicators. We 
also assessed discriminant validity, that is, whether the three value di
mensions were empirically distinguished from one another. Discrimi
nant validity was evaluated using the Fornell–Larcker criterion, which 
compares the square root of the AVE for each factor with the correlations 
between factors. When inter-factor correlations exceed the square root 
of AVE, this suggests that dimensions are not fully distinct (Hair et al., 
2019). Given our conceptualisation of instrumental, intrinsic, and 
relational values as overlapping rather than mutually exclusive di
mensions, we anticipated that issues of discriminant validity might 
arise. We therefore interpreted these statistics alongside the overall 
factor structure and model fit rather than requiring complete empirical 
separation between the dimensions. A detailed description of the sta
tistical data analysis in each validation step and for each country, 
including configurations used, tests for appropriateness, and analysis 
steps can be found in the Supplementary Text S2.

Measurement invariance of the final scale across countries was 
assessed sequentially at the configural, metric and scalar levels using 
multi-group CFA. Changes in model fit between increasingly constrained 
models were evaluated using robust fit indices and scaled chi-square 
difference tests; detailed procedures and evaluation criteria are pro
vided in Supplementary Text S2 and Table S11.

Besides the Plural Values of Nature scale, the final survey also con
tained an abbreviated version of the Revised New Ecological Paradigm 
(RNEP) scale as a measure of general environmental worldview (Dunlap 
et al., 2000). In addition, three broader restoration attitudes were 
assessed both at the national level (changes occurring within a re
spondent's country) and at the local level (changes occurring within an 
area close to where the respondent lives): (1) “making landscapes easier 
for wildlife to move through”, (2) “reducing the influence that humans 
have on nature”, and (3) “restoring natural processes and dynamics”. 
Finally, the survey included attitudes towards more specific manage
ment actions, including “reducing the number of roads and tracks for 
vehicles”, “changing timber-production forests to more natural un
managed forests”, and “encouraging natural predation by animals such 
as wolves or lynx”.

To assess incremental validity, we compared the explanatory 
contribution of the three PVN dimensions with that of the abbreviated 
Revised New Ecological Paradigm (RNEP) scale (Dunlap et al., 2000) 
across the three broad national level restoration attitudes. Eight RNEP 
items were included in the survey; one item with a weak one-factor 
loading was excluded, resulting in a seven-item composite (Supple
mentary Test S2). Negatively worded items were reverse-coded before 
then calculating a mean composite score. Higher scores indicate stron
ger endorsement of an ecological worldview. The complete item 
wording and descriptive and reliability information are provided in 
Table S12. Mean composite scores were also calculated for each PVN 
dimension, reflecting the intended application of the PVN as a directly 
scoreable survey indicator. For each attitude, we compared linear 
regression models containing a) country and RNEP, b) country and the 
three PVN dimensions, and c) a combined model containing country, 
RNEP and the three PVN dimensions. Incremental validity was evalu
ated from the change in explained variance (ΔR2) when PVN was added 
to the RNEP model, with the reverse comparison used to assess the 
additional contribution of RNEP beyond PVN. The statistical signifi
cance of changes in explained variance was evaluated using 
nested-model F tests. Variance inflation factors (VIFs) were inspected to 
assess multicollinearity. To examine whether this incremental contri
bution was consistent across national samples, the same model com
parisons were additionally estimated separately within each country.
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Predictive validity was further assessed using the three local-level 
broader restoration attitudes and attitudes towards the three concrete 
management actions. Each outcome was analysed in a separate linear 
regression model, with the three PVN composite scores entered simul
taneously as predictors and country included as a fixed effect. Predictive 
validity was evaluated using standardized regression coefficients, total 
explained variance (R2), and the additional variance explained by the 
PVN dimensions beyond country differences (ΔR2), calculated relative 
to a model containing country alone. Again, the statistical significance of 
the PVN block was assessed using nested-model F tests and VIFs were 
inspected to assess multicollinearity. Again, to examine the consistency 
of these associations across national samples, the same models were 
additionally estimated separately for each country.

To illustrate and better understand the plurality of values, we drew 
inspiration from the Nature-Futures Framework (Kim et al., 2023) and 
analysed whether people had high endorsement of multiple value types 
simultaneously. We classified respondents according to a simple typol
ogy consisting of all possible combinations of the three value di
mensions. For example, if people had high endorsement of both 
instrumental and relational values, they were assigned to the “Instru
mental & Relational” value profile. This classification was based on re
spondents’ scores on the composite scales, as these reflect the priority 
given to the different value types. Rather than deriving cut-offs from the 
empirical distribution of each sample, we used a common scale-based 
threshold of ≥5 to indicate high priority (given the 7-point response 
scale, where 4 corresponds to “moderate priority” and 7 to “highest 
priority”). This provides a transparent and reproducible classification 
that can be applied consistently across samples and studies. Respondents 
were subsequently assigned into one of eight possible value profiles 
(Intrinsic; Instrumental; Relational; Intrinsic & Instrumental; Intrinsic & 
Relational; Instrumental & Relational; Intrinsic & Relational & Instru
mental; Indifferent). Mean restoration attitude scores were also plotted 
across the resulting profiles to descriptively explore how attitude pat
terns varied across different combinations of highly prioritized values.

3. Results

After the qualitative pretesting as described in the methods section, 
we refined and validated the scale in three subsequent quantitative 
steps: 1) a pre-testing with university students, 2) a pilot survey in three 
European countries, and 3) a final survey sent to the general public in 
five European countries. The aim of these steps was to reduce the 
number of items by focusing the scale on the best performing items and 
to validate the final scale for its adequacy to measure the three values 
simultaneously. Here, we focus on the results of the final validation test. 
We will only briefly summarize the results from the pretesting and pilot 
studies (see Supplementary Text S3 for extensive description of these 
results) before reporting in-depth results from the final validation study.

3.1. Quantitative pre-testing and pilot study

Data analysis of the quantitative pretest (n = 94 & n = 101; see 
Table S2) revealed a strong ceiling effect (mean scores above 6.5 on a 7- 
point scale) for some of the items (Table S2). Given that most of the 
students were enrolled in nature conservation-related programs, we 
decided not to adjust the items as we expected that mean values may be 
more moderate within more diverse samples. Both samples performed 
well within the EFA and the identified factor structures generally sup
ported the theoretically expected three-dimensional structure of the 
scale. In the Danish sample, the three value dimensions emerged as 
clearly distinct. In contrast, in the Dutch student sample, the item on 
‘care’ loaded on the intrinsic values dimension, and the two items 
related to ‘fulfilment and well-being’ subdimension showed loadings on 
the instrumental values (Table S3). This points to potential overlaps 
between relational and intrinsic as well as between relational and 
instrumental values. Based on the findings of pretesting and additional 

theoretical reasoning within the research team, a total of eight items 
were edited in order to improve their clarity and understandability for 
respondents (Table S1).

The pilot study (n = 3 x 150; see Table S4) did not show a strong 
ceiling effect for any of the items in either sample. Overall, the sample 
showed statistical adequacy in performing an EFA and the initially 
retained solution for the complete data set explained 62% of the varia
tion (see Table S6). However, some items, most notably items from the 
Regulating Benefits subdimension within the instrumental value and the 
Care subdimension within the relational value caused issues with low 
variability (e.g. 80% of respondents choosing the two highest response 
options and/or loaded on a factor associated to one of the other values 
(Table S5 and S6). The reduction in items resulted in the ‘Regulating 
Benefits’ and the ‘Care’ subdimension no longer had any related items in 
the scale and were therefore removed.

We then performed an additional EFA for each country separately 
(Table S7), which consistently retained four-factor solutions explaining 
64-69% of the variation. The additional factors did not constitute a 
consistent fourth value dimension across countries but primarily re
flected separation of subdimensions and overlap between instrumental 
and relational items. While the general three-dimensional structure was 
visible, several cross-loadings highlighted the fuzzy boundaries between 
values and that these might differ across cultural settings. In the Danish 
sample, the three dimensions again emerged relatively clearly, though 
one factor contained two of the items from immaterial contributions 
subdimension together with items from several of the relational values 
subdimensions. In the Dutch sample, overlaps were more pronounced 
with one of the factors containing items from all three value dimensions, 
while the other three factors contained only items from one of the value 
dimensions. The Spanish sample showed also some cross loadings be
tween items from the instrumental and relational dimension, while 
intrinsic values build separate factors. Despite the cross loadings, the 
theoretically expected three value dimensions, remained visible across 
the country-specific solutions, while the fourth factor in some countries 
primarily reflected separation of subdimensions and overlap between 
instrumental and relational items. Based on the collective findings and 
analysis of the quantitative pre-testing and pilot study, we selected 12 of 
the pilot study items (see items in bold in Table S7). Grouping the 
retained items according to our theoretical three-dimensional model 
into instrumental, relational, and intrinsic values showed acceptable 
internal consistency for all three dimensions across countries Cronbach 
alpha>0.70); Table S8). See Supplementary Text S3 for an extensive 
description of the results. In the hope of increasing the variability in 
answers, we decided to slightly change the question stem and focus on 
the priority of values: “Listed below are statements on different aspects that 
could be important when thinking of nature in the future. Please indicate how 
much of a priority you feel each aspect should have in [your country] in the 
future” (Table S1), with a matching 7-point answer scale ranging from 1 
(not a priority at all) to 7 (the highest priority), with 4 indicating a moderate 
priority.

3.2. Main survey

The main survey no longer showed strong ceiling effects (Table S10). 
However, multivariate normality was not achieved, therefore a robust 
estimator was used within the CFA. The initial 12-item model showed 
acceptable fit (robust CFI = 0.958, robust TLI = 0.946, robust 
RMSEA = 0.067, 90% CI [0.055, 0.078], SRMR = 0.050).

To make the scale more concise and to balance the representation of 
the three value dimensions, we decided to reduce the number of items 
representing immaterial contributions. On the basis of content and 
theoretical considerations, we decided to remove the item on mental 
well-being. The resulting 11-item scale retained a comparable good fit 
within the multi-group CFA (robust CFI = 0.958, robust TLI = 0.944, 
robust RMSEA = 0.069, 90% CI [0.057, 0.081], SRMR = 0.049) and 
acceptable factor loadings across all countries (Table 1). Measurement 
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invariance was subsequently assessed for the final 11-item model across 
the five countries. Configural and metric invariance were established, 
while full scalar invariance was not supported (Table S11). This in
dicates that the factor structure and factor loadings are comparable 
across countries, while direct comparisons of absolute scale means 
should be interpreted with caution.

Concerning scale reliability, the results show acceptable to good 
internal consistency (Cronbach's alpha > 0.7) for the three values in all 
countries, with the exception of the instrumental value in Romania 
(Table 1). Convergent validity was more variable. AVE exceeded the 
recommended threshold of 0.50 for intrinsic values in all countries and 
for relational values in four of the five countries, but fell below 0.50 for 
instrumental values in Spain, Romania, Poland and the Netherlands. This 
likely reflects, at least partly, the breadth of the instrumental values, 
whose items intentionally capture different subdimensions.

3.2.1. Conceptual overlap between values
CFA revealed high correlations (r > 0.85) between some of the three 

values (Table 1). Based on follow-up assessment of the Fornell-Larcker 
criterion, it was confirmed that discriminant validity was particularly 
limited between instrumental and relational values. The correlation be
tween these dimensions exceeded the square root of their respective 
AVEs in all five countries. Additional overlap between instrumental and 
intrinsic values occurred in some countries, most notably Poland, where 
the correlation reached 0.888. These findings indicate that the three 
dimensions are not fully empirically distinct, consistent with our theo
retical expectation that instrumental, relational and intrinsic values 
have fuzzy boundaries and may overlap in practice. At the same time, 
the three-factor structure showed acceptable model fit and metric 
invariance across countries. Dimension-specific associations should 
therefore be interpreted as effects conditional on the substantial 
covariance among the three value dimensions. Nevertheless, the 
consistent three-factor structure supports retaining instrumental, rela
tional and intrinsic values as three analytically distinct values.

3.2.2. Incremental validity
Incremental validity was assessed by comparing the explanatory 

contribution of the three PVN dimensions with the abbreviated RNEP 
scale (see Supplementary Material) across three national level 

restoration attitudes, while controlling for country differences (Table 2). 
PVN explained more variance than RNEP alone across all three out
comes. Adding the three PVN dimensions to models containing RNEP 
significantly increased explained variance R2 by 6.7 percentage points 
for facilitating wildlife movement, 9.7 percentage points for reducing 
human influence on nature, and 13.3 percentage points for restoring 
natural processes (all p < 0.001). In comparison, adding RNEP to models 
containing the three PVN dimensions increased explained variance by 
1.1–4.0 percentage points. Multicollinearity among the predictors was 
low (VIF = 1.16–2.07). Full estimates from the combined models, 
including standardized coefficients for RNEP and each PVN dimension 
and their unique contributions to explained variance, are provided in 
Table S13. Examination of the combined models showed that RNEP 
retained a unique association with all three attitudes, while much of the 
additional explanatory contribution of PVN was shared across its three 
dimensions rather than attributable to a single value dimension 
(Table S13). Country-specific models showed that the PVN dimensions 
contributed additional explanatory variance beyond the RNEP for all 
three national level attitudes in each of the five countries 
(ΔR2 = 0.047–0.267, all p < 0.05; Table S14). Country-specific analyses 
showed substantial variation in the explanatory power of the PVN di
mensions across countries. For example, the PVN dimensions explained 
37.5% of the variance in attitudes towards reducing human influence in 
Sweden, compared with 4.9% in Romania; the corresponding incre
mental contributions beyond RNEP were 26.7% and 4.7%, respectively 
(Table S14).

3.2.3. Predictive validity
Predictive validity of our scale was further assessed using three 

broader local level restoration attitudes and attitudes towards three 
concrete management actions (Table 3). Across all six outcomes, the 
three PVN dimensions significantly increased explained variance 
beyond country differences (ΔR2 = 0.057–0.136, all p < 0.001). Rela
tional and intrinsic values were positively associated with all six resto
ration attitudes and actions, whereas instrumental values showed little 
association with the broader attitude towards facilitating wildlife 
movement and restoring natural processes, but negative associations 
with reducing human influence on nature and with each of the three 
concrete management actions (Table 3). The strongest additional 

Table 1 
Final Plural Values of Nature scale. Overview of the 11 items included in the final scale. Values are standardized factor loadings from the configural multi-group CFA 
for each of the five country samples. Cronbach's alpha (α) and Average Variance Extracted (AVE) are reported as measures of scale reliability and convergent validity. 
The last three rows show the standardised correlations between the three latent value dimensions estimated in the same model.

Value dimension Sweden 
(n = 205)

Spain 
(n = 203)

Romania 
(n = 199)

Poland 
(n = 198)

Netherlands 
(n = 202)

Instrumental α ¼ 0.827 α ¼ 0.755 α ¼ 0.651 α ¼ 0.766 α ¼ 0.711
AVE ¼ .562 AVE ¼ .444 AVE ¼ .375 AVE ¼ .452 AVE ¼ .361

Nature contributes to economic growth and gives job opportunities 0.636 0.597 0.594 0.531 0.511
Nature offers opportunities to harvest goods, such as wood, berries, 

mushrooms, or fish
0.718 0.505 0.461 0.476 0.531

Nature offers opportunities for outdoor recreation and sports 0.785 0.708 0.651 0.775 0.538
People can enjoy the beauty of natural areas 0.845 0.815 0.714 0.836 0.783

Relational α ¼ 0.817 α ¼ 0.772 α ¼ 0.822 α ¼ 0.768 α ¼ 0.798
AVE ¼ .566 AVE ¼ .490 AVE ¼ .581 AVE ¼ .529 AVE ¼ .523

People can find a sense of belonging in nature 0.843 0.716 0.817 0.847 0.823
Nature contributes to people's sense of fulfilment in life 0.838 0.840 0.820 0.832 0.792
Nature provides religious, sacred and spiritual values or experiences 0.558 0.532 0.654 0.420 0.529
People can relate to and feel connected with trees and animals 0.733 0.677 0.746 0.727 0.711

Intrinsic α ¼ .839 α ¼ .859 α ¼ .760 α ¼ .773 α ¼ .820
AVE ¼ .636 AVE ¼ .673 AVE ¼ .533 AVE ¼ .534 AVE ¼ .602

Nature is protected regardless of whether this benefits humans or not 0.830 0.781 0.791 0.701 0.776
Our moral responsibility to protect nature is upheld 0.798 0.811 0.764 0.737 0.788
Nature is protected for its own sake 0.764 0.866 0.625 0.754 0.764

Correlation Instrumental x Relational 0.895 0.772 0.852 0.867 0.850
Correlation Instrumental x Intrinsic 0.628 0.833 0.607 0.888 0.769
Correlation Relational x Intrinsic 0.677 0.637 0.719 0.793 0.757
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explanatory contribution of the PVN dimensions was observed for 
restoring natural processes and dynamics in the local area 
(ΔR2 = 0.136). Country-specific analyses indicated broadly positive 
associations of relational and intrinsic values with restoration attitudes, 
while associations with instrumental values were more variable across 
countries and tended to become negative for several concrete manage
ment interventions (All country-specific estimates are presented in 
Table S15).

3.3. Plurality of values across study countries

To explore how different values co-occur within individuals, we 
classified respondents according to all possible combinations of the 
three PVN dimensions. We used a common threshold of ≥5 to indicate 
high priority, anchored in the meaning of the 7-point response scale, 
where 4 represents moderate priority and 7 the highest priority. Using the 
same scale-based threshold rather than sample-specific cut-offs provides 
a transparent and reproducible way of describing value combinations 
across samples and future applications of the PVN. Fig. 4 illustrates the 
large cooccurrence of the different values across societies, showing that 
the majority of residents (61.1- 85.4%) in all countries place a high 
priority on more than one value type simultaneously. There are, how
ever, differences in the plurality of values (i.e. the prominence of the 
different value profiles) across the included countries (Fig. 4, Table S17).

Individuals expressing a high priority for all three value dimensions 
simultaneously is the most common profile in all countries, with the 
relative share spanning from 29.1% in the Netherlands to 67.3% in 
Romania, reflecting a strong pattern of plural value endorsement. The 
next most common profile in all countries is the combination of intrinsic 
and instrumental values, ranging from 32.5% in Spain to 10.1% in 
Romania. The profiles combining relational with intrinsic and relational 
with instrumental values are generally less common, with the highest 
share in The Netherland where 8.9% of respondents simultaneously 
endorsed relational and intrinsic values. Similarly rare are the ‘pure’ 
profiles meaning segments of respondent that only prioritise one of the 
value dimensions. While 14.8% of Dutch respondents prioritized only 
intrinsic values and 10.6% of Swedish respondents prioritized purely 
instrumental values, respondents prioritizing relational values alone 

were missing in three out of the five countries. Even in Romania & 
Poland, they comprised only 0.5-1.0% of the population. Because full 
scalar invariance was not established, country-specific profile distribu
tions are presented descriptively and should not be interpreted as pre
cise cross-country differences in absolute value levels. Nevertheless, 
these patterns show that high prioritisation of multiple value dimensions 
is common across all five samples, whereas profiles in which only one 
dimension exceeds the high priority threshold are less frequent.

To further explore the descriptive usefulness of these value profiles, 
we plotted mean support for the three national level restoration atti
tudes across the profiles in the pooled sample (Fig. 5). Several patterns 
are visible. Respondents expressing no priority for any value (i.e. 
‘Indifferent’) generally show the lowest support for restoration actions. 
In contrast, people prioritizing intrinsic values occur towards the higher 
end of the support scale. Importantly, profiles with plural combinations 
of values (e.g., intrinsic & relational, or all three together) tended to 
show relatively high support. These descriptive patterns suggest that 
particular combinations of highly prioritized values may be relevant for 
understanding restoration support and provide a basis for more explicit 
tests of interactions between value dimensions in future research.

4. Discussion

The presented Plural Value of Nature (PVN) scale is a new psycho
metric scale and survey-based social indicator of people's values of na
ture, that can differentiate between relational, intrinsic, and 
instrumental values. The scale recognises several things: the plurality of 
values held across societies; that individuals can endorse values of na
ture related to the intrinsic, instrumental and relational value types 
simultaneously; and that values may be prioritized differently between 
people and within and between countries, leading to potential differ
ences in nature-related preferences, attitudes, and behaviours.

Cross-national validation studies in five countries (n = 1007) show 
internal consistency and reliability of the scale. The scale showed pre
dictive validity across a range of restoration attitudes and management 
actions, with the three PVN dimensions explaining an additional 
5.7–13.6 percentage points of variance beyond country differences and 
explaining up to 37.5% of variability in attitudes towards ecological 

Table 2 
Incremental validity of the Plural Values of Nature scale relative to the abbreviated Revised New Ecological Paradigm scale. Models predict three broad 
national level restoration attitudes and include country as a fixed effect (N = 1007). ΔR2 PVN beyond RNEP represents the increase in explained variance when the 
three PVN dimensions are added to a model containing RNEP; ΔR2 RNEP beyond PVN represents the reverse comparison.

Dependent variable (National level attitude) R2 RNEP R2 PVN R2 PVN + RNEP ΔR2 PVN beyond RNEP p ΔR2 RNEP beyond PVN p

Making landscapes easier for wildlife to move through 0.125 0.180 0.192 0.067 <0.001 0.011 <0.001
Reducing the influence that humans have on nature 0.155 0.213 0.253 0.097 <0.001 0.040 <0.001
Restoring natural processes and dynamics 0.109 0.221 0.241 0.133 <0.001 0.020 <0.001

Note: Reported R2 values are total R2 including the country fixed effects. ΔR2 values represent the additional variance explained when the indicated predictor set is 
added to the alternative model. p values are based on nested-model F tests comparing the respective reduced and full models.

Table 3 
Predictive validity of the Plural Values of Nature scale across local restoration principles and concrete management actions. Summary of the linear regression 
models, testing the relationship between the three value dimensions (independent variables: intrinsic, relational, instrumental) and support for three broader local 
level restoration attitudes and attitudes towards three concrete management actions (dependent variables) across five countries (N = 1007). All models include country 
as a fixed effect. Values shown are standardized regression coefficients (β), total explained variance (R2), and the additional variance explained by the three PVN 
dimensions beyond country differences (ΔR2). Significance Levels: *p < 0.05, **p < 0.01, ***p < 0.001.

Dependent variable β Instrumental β Relational β Intrinsic R2 full model ΔR2 PVN beyond country p for PVN block

Broader restoration attitudes
Making the landscape easier for wildlife to move through .015 .152*** .148*** 0.126 0.071 <0.001
Reducing the influence that humans have on nature in the area ¡.145*** .204*** .222*** 0.124 0.086 <0.001
Restoring natural processes and dynamics .029 .094* .302*** 0.166 0.136 <0.001

Specific restoration actions
Reducing the number of roads and/or tracks for vehicles ¡.179*** .182*** .197*** 0.073 0.062 <0.001
Changing timber-production forests to more natural unmanaged forests ¡.141** .203*** .224*** 0.107 0.087 <0.001
Encouraging natural predation by animals such as wolves or lynx ¡.189*** .203*** .166*** 0.157 0.057 <0.001
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restoration in a specific country (Table S14). Relational and intrinsic 
values showed consistently positive effect on restoration attitudes, 
whereas the effect of instrumental values were mostly negative or not 
significant. The scale also showed incremental validity relative to the 
often-used Revised New Ecological Paradigm (RNEP; Dunlap et al., 
2000), contributing an additional 6.7–13.3 percentage points of 
explained variance across the three national level restoration attitudes. 
These results confirm the validity and practical value of the scale, and its 
usefulness across different national contexts within Europe.

The profile analysis further illustrates that the majority of re
spondents in all countries prioritise more than one value type, with the 
combination of high intrinsic, instrumental and relational values being 
the single most common profile in each country (Fig. 4, Table S17). This 
supports recent calls to recognize not only instrumental and intrinsic 
values but also relational values of nature (Andersen et al., 2022; Chan 
et al., 2016). These results can be seen as empirical support for treating 
values of nature as plural and potentially co-occurring rather than as 
mutually exclusive orientations. Profiles combining multiple values, 

particularly those including intrinsic values, tended to show relatively 
high support for restoration, whereas respondents who did not view any 
of the three value dimensions as being a high priority generally showed 
lower support for restoration (Fig. 5). These exploratory patterns also 
suggest that particular combinations of values may be relevant for un
derstanding restoration support and provide a basis for future research 
examining whether and how the different values interact.

4.1. Plurality of values and scale development challenges

In developing a scale for measuring the values of nature, it is 
important to reflect on epistemological and ontological discussions 
regarding the nature of the three values (Kenter et al., 2019), most 
notably of relational values (Gould et al., 2024; Stålhammar and Thorén, 
2019), and on the potential fuzzy boundaries between these values 
(Himes et al., 2024; Kenter et al., 2019).

Instrumental and intrinsic values are well established in literature, 
whereas the conceptual debate on relational values, and its relationship 

Fig. 4. Exploration of plurality of values. Persons indicate the prominence of the different value profiles across the five countries, whereby one person represents 2% of the 
total population. The red persons outside the circles are those that were classified as none, meaning that they do not express high priority for any of the three values. Figure on top 
shows average for all five countries (and includes the subdimensions of each value). Figures below represent the five countries separately. (Figure inspired by the Nature Futures 
Framework; IPBES, 2024).
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to the two other value types, is ongoing (Ibid.). This conceptual chal
lenge was reflected in the process of conceptualising and operational
ising relational values for our scale. Statistical validation of the scale 
showed empirical evidence that fuzzy boundaries do indeed exist be
tween the values. Most notably, our results show that especially the 
instrumental and relational dimensions are closely related and not fully 
distinct. Difficulty in delineating between relational and instrumental 
values was a persistent issue, from the initial pre-testing to the final 
scale. The final validation suggested that the dimensions can be distin
guished sufficiently for measurement purposes while retaining sub
stantial conceptual and empirical overlap. This partial overlap and fuzzy 
boundary found empirically were not unexpected, as in theory relational 
values are described as “anthropocentric yet non-instrumental”, and 
thus closely related to, or overlap with, at least a subsection of instru
mental values (Himes and Muraca, 2018). We also encountered overlaps 
such as this when designing the scale. For example, only after a thorough 
review of the classifications of beauty or spirituality in the literature into 
different value types (or into two or three types simultaneously) (e.g. 
Anderson et al., 2022; Gould et al., 2024; Himes et al., 2024; James, 
2019), and after internal discussions and cognitive interviews, we 
decided to conceptualize the spiritual component of nature as a rela
tional value and the beauty of nature as an instrumental value and tried 
to formulate the items in line with this (partial) conceptualisation (see 
also Table S1 for these changes throughout the process). While confir
matory factor analysis confirmed most respondents indeed interpreted 
these items as relational and instrumental values respectively, analysis 
also showed that at the national level the items sometimes also scored on 
other value types. In addition, in several countries, the item on berry 
picking - conceptualised as an instrumental value by the researchers - 
also loaded on to the factor related to relational values. This again is an 
example of conceptual overlap, where in some targeted countries (e.g. 
Denmark) berry picking is also a culturally significant practice for 
relating to nature and thus is not only valued for the instrumental value 
of the berries themselves.

Furthermore, instrumental items reflecting Nonmaterial Contribu
tions to People (NCP's) - or cultural ecosystem services in ESS termi
nology - showed loadings on both the relational and instrumental value 
factor. Consequently, approaches to operationalise instrumental values 
through the concept of ecosystem services may need to be reconsidered 
in light of the more recent debate on relational values (e.g. Plieninger 
et al., 2013). In general, as highlighted by literature on relational 
values, Nature's Contributions to People, or ecosystem services should 
not be considered as one-directional contributions, but as 
multi-directional relationships between humans and nonhuman nature, 
where the relationship itself holds value and contributes to nature and 

people alike (Himes et al., 2024; West et al., 2018).
Rather than compromising the scale's utility, the fuzzy boundaries 

and overlap between value types reflect a substantive empirical reality. 
Splitting intrinsic, instrumental, and relational items into three inde
pendent scales would not resolve this overlap, since it would not reflect 
how respondents relate to these values. In fact, it would more likely 
prevent the overlap from being measured and reported at all. A com
bined scale, by contrast, is what allows the extent of covariance between 
values to be assessed directly. Obviously, developing a combined scale 
means compressing meaning, reducing complexity – and, not least, 
risking validity. While the reduction of complexity in this scale may limit 
its potential use for in-depth analysis of each individual value, its utility 
should be seen in relation to its practical use – as one of the criteria we 
set up for the scale development – and so, as Stern et al. (1998) argue in 
their seminal paper, it is crucial to develop a brief ‘inventory’ of values 
that is suitable for use in survey research, as longer instruments are 
simply impractical – not least in relation to challenges of survey fatigue 
(Jeong et al., 2023). Based on experience with e.g. the 15-item NEP-scale 
(Dunlap et al., 2000), we argue an 11-item scale is a feasible length to 
add to question batteries in environmental research.

Over the last years, two other psychometrically validated scales have 
been developed to measure all three values of nature simultaneously 
(Lengieza et al., 2023; Lou et al., 2025). In the current state of early 
development of such scales and related to the ongoing ontological and 
epistemological debates about relational values, this in our view should 
be considered a strength and a healthy development towards maturation 
of the field. Each of the scales have shown incremental validity over 
well-established scales, such as Schultz's (2000) Environmental Concern 
measures; in (Lengieza et al., 2023a,b), Biospheric values (Stern and 
Dietz, 1994; in Lou et al., 2025), and in the present study the PVN 
relative to the Revised New Ecological Paradigm (Dunlap et al., 2000) 
explaining additional variance in restoration attitudes beyond this 
established measure of general ecological worldview. Meanwhile, as 
described in the introduction, each of the scales differ in focus, con
ceptualisation of the values – most notably of relational values –, size, 
and policy-orientation. For example, in conceptualising relational 
values, the PVN explicitly builds on the conceptualisation of these values 
into subdimensions as suggested by IPBES (2022) and Himes et al. 
(2024), including the subdimension of eudemonia. In addition, while 
the other scales include more items, enabling them to develop a more 
nuanced understanding of values, with only 11 items the PVN scale is 
more condensed, enabling easier uptake as a plug-in in other more 
policy-oriented research. Another methodological strength of the PVN is 
the explicit assessment of measurement invariance across countries, 
which provides evidence on whether the same latent structure is being 

Fig. 5. Mean support for three national level restoration attitudes across value profiles. Respondents were asked: “How would you feel about the following changes 
to how land and nature are managed in [country]?” The lines represent the 7-point response scale (left end point = very negative, right endpoint = very positive), on which the 
value profiles are placed according to their mean score across the total sample. Note that due to the small number of participants classified in the relational-only profile, this 
type was not plotted for the attitude scales.
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measured across national samples and clarifies the conditions under 
which cross-country comparisons are appropriate. Configural and 
metric invariance supported a common three-factor structure and 
comparable factor loadings across the five countries, while the lack of 
full scalar invariance cautions against direct comparisons of absolute 
scale scores between countries. Measurement invariance has also been 
assessed in more recent cross-cultural validations of other plural values 
scales (Lengieza et al., 2025; Lou et al., 2025), highlighting its impor
tance as a criterion for evaluating whether plural-values scales function 
comparably across cultural settings. We suggest future research may 
focus on explicitly comparing these emerging scales (PVN, Lengieza 
et al., 2025; Lou et al., 2025) for identifying their relative strengths 
and weaknesses related to their specific purposes and use, and to further 
strengthen the scales and contribute to further advancement in the field 
of measuring plural values of nature.

4.2. Potential limitations

Several potential limitations of PVN should be discussed. First, 
quantitatively measuring values of nature is a challenging task. The 
measurement of relational values is especially challenging, not only 
because of epistemological and conceptual differences between different 
schools of thought, but also because they relate to a wide variety of 
relationships – both relationships between people and nature and 
nature-meditated relationships between people and people (Chan et al., 
2016; Gould et al., 2024; Rawluk et al., 2019). Meanwhile, we agree 
with Schultz and Martin-Ortega (2018), who argue that exploring both 
quantitative and qualitative approaches to the understanding of rela
tional values is helpful for our understanding of values – and, we would 
add, of the plurality of values. In addition, developing quantitative ap
proaches to understanding the plurality of values of nature not only 
expands the evidence base for the relevance of acknowledging diverse 
values in society but can also help contribute to a better understanding 
of potential overlaps and divergence between values. Finally, it may 
contribute to the political legitimacy of environmental decision-making, 
where numbers and statistics may have more discursive power than 
more qualitative and interpretive approaches (Schulz and 
Martin-Ortega, 2018).

Secondly, to maximize the usefulness of the scale for transformative 
practices and transformative science, we choose to focus on 'future na
ture' when asking about values of nature. Here, one can ask what the 
respondents will perceive - how far into the future will that be? This did 
not arise as a matter of ambiguity or concern during the scale validation 
process. Again, as time spans differ in terms of changes in nature (e.g., a 
forest can take more than 100 years to fully develop, whilst changes in 
meadows or moors can be considerable after ten or twenty years), 
applying a restricted time length could again act as too much of a re
striction. Obviously, it still opens the question of what period re
spondents had in mind when answering the survey. If a specific time 
length is in question, the scale can be adapted to be used in such a 
manner.

Thirdly, the three intrinsic-value items in the final scale all refer 
explicitly to protecting nature. This wording is conceptually consistent 
with expressions of intrinsic values, particularly where protection is 
explicitly framed as being motivated independently of any potential 
human benefits, or ‘for its own sake’(e.g. See et al., 2020). This may 
create some semantic proximity to particular conservation or restoration 
outcomes and should be considered when interpreting 
dimension-specific associations. However, statistical analysis showed 
that intrinsic values were also positively associated with broader 
restoration attitudes and specific management actions that did not use 
protection-related wording, suggesting that shared terminology alone is 
unlikely to account for the observed relationships. Meanwhile, this 
relationship to protection may introduce variance related to conserva
tion motivation that is not equally present in the instrumental and 
relational items. We therefore caution against interpreting differences in 

the relative predictive strength of the three PVN dimensions as clean 
estimates of their unique importance. Future research could test alter
native intrinsic value formulations that separate intrinsic valuation 
more explicitly from protection-oriented wording.

Lastly, the scale has been developed within a European context. 
Europe has a diversity of cultures, but also commonalities. Values and 
culture are intertwined, and we therefore found the within-Europe 
context sufficient to show some diversity but also acknowledging that 
many cultural aspects are likely not included. Although configural and 
metric invariance were supported across the five countries, full scalar 
invariance was not. This supports comparison of factor structure and 
associations across these samples but cautions against interpreting dif
ferences in absolute PVN scores as substantive cross-country differences. 
Whether the PVN will work in other contexts, or need adjustments is 
thus an open question, which we leave for future studies.

4.3. The PVN as a survey-based indicator of plural values

We consider PVN as a survey-based social indicator that can help to 
take stock of the current values that societies have regarding the future 
development of nature, and that could be used as a monitoring tool to 
observe potential shifts in societal values of nature over time. The 
establishment of configural and metric invariance supports the use of the 
PVN for cross-national analyses of value structures and their associa
tions with other variables (e.g. relevance in explaining support for 
conservation), although the lack of full scalar invariance means that 
differences in absolute country mean scores should be interpreted 
cautiously. In this sense, the PVN can be understood as a survey-based 
social indicator of current plural values of nature. It captures a socie
tal condition that is increasingly recognised as relevant for biodiversity 
governance and sustainability transformations: the extent to which 
different publics prioritise instrumental, intrinsic, and relational values 
of nature (Pascual et al., 2023). As such, the PVN complements bio
physical indicators by providing a concise measure of the values that 
may shape public support for conservation, restoration, and 
nature-positive transformation pathways. In this way, it may also help to 
incorporate more social aspects in social-ecological modelling efforts.

We discussed that the PVN showed meaningful predictive associa
tions with attitudes towards ecological restoration and added explana
tory value beyond the RNEP. Based on this predictive and incremental 
validity, the PVN could also be used to explore people's preferences for 
future developments impacting nature, including approaches for trans
formative change. Using the PVN in transformative dialogues and pro
cesses could contribute to the inclusiveness of these processes. Here, the 
link to the Nature Futures Framework can be relevant, an approach to 
develop scenarios for what is stated as nature-positive futures (Pereira 
et al., 2020), recognising the diversity and - more recently - the plu
rality of values of nature (Durán et al., 2023). In situations where 
qualitative approaches may not be possible (such as the number of 
stakeholders being too high, or trust and engagement with stakeholders 
being too low), using the PVN in surveys may help to facilitate more 
inclusive and just transformation process.

One other potential use of the scale is to understand better the 
connection between plural values of nature, and preferences for envi
ronmental actions or policies. However, surveys to understand envi
ronmental valuation or attitudes are already long, and brevity of 
additional questions is therefore crucial. Here the condensed nature of 
the PVN scale has an advantage – given that it still captures the plurality 
of values within and between populations. Similar usage could be to link 
the plurality of values to analyses of preferences for different concrete 
environmental changes, which may help to better understand such 
preferences. Thus, use of the PVN scale may help to facilitate design of 
policies that are both socially acceptable and inclusive of the diverse 
values for nature.
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5. Conclusions

Our aspiration for this research was to develop a concise, validated 
measure of the co-occurrence of multiple values of nature: the Plural 
Values of Nature (PVN) scale. By providing a repeatable survey-based 
measure, the PVN can function as a social indicator for monitoring 
plural values of nature across populations and over time. This indicator 
function is especially relevant in contexts where biodiversity and 
restoration policies require not only ecological monitoring, but also an 
understanding of the societal values that shape support, contestation 
and implementation.

Such quantification can be used to increase our understanding of the 
plural values of nature and link it to elicited attitudes towards envi
ronmental management initiatives across stakeholder groups and 
different population segments. Based on the strong predictive power, we 
expect that the scale can contribute to our understanding of attitudes 
towards preservation, conservation and restoration of nature. We also 
hope that its use can facilitate more inclusive dialogues for effective and 
just transformative change, by sensitising change efforts to the plural 
values of nature held by diverse communities and informing the design 
of related policies.

The scale is simple and short so that it can be of practical use in 
surveys linked to other research questions being raised, where survey 
length and fatigue are common concerns. We have shown that the PVN 
has a stable three-factor structure and comparable factor loadings across 
five European countries. We have found that the scale, despite its chosen 
simplicity, is able to identify intrinsic, relational and instrumental 
values for nature held by the general public. We find some overlap be
tween the value categories, reflecting the inherent fuzziness in the 
definition and specification of these values. We acknowledge that the 
brevity of the scale comes at a cost – missing nuances both across the 
plurality of value types as a collection and within individual value types. 
We encourage future research to elaborate further on these potential 
limitations and explore the use of the scale beyond the European 
context.
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