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Abstract: The human-nature connection is an important factor that is frequently the subject of envi-
ronmental education research and environmental psychology. Therefore, over the years, numerous
measuring instruments have been established to quantitatively record a person’s connection to nature.
However, there is no instrument specifically for children with cognitive limitations. For this reason, in
this study, an established scale for connection to nature, the inclusion of nature in self scale (INS), was
modified especially for the needs of this group. Study 1 investigated what students understand by
the term “nature” in order to create an illustrated version of the INS. In study 2, the new instrument
was tested on university students and compared with the original INS and the connectedness to
nature scale (CNS). No significant differences between the original INS and the new developed scale
were found (p = 0.247), from which it can be concluded that the illustrated INS (IINS) measures
the connection to nature with similar accuracy as the original INS. In study 3, the instrument was
tested together with other established nature connection instruments on the actual target group,
students with disabilities. The correlation between the IINS, the CNS, and nature connectedness scale
(NR) were in accordance with the expected literature values (rIINS-CNS = 0.570 & rIINS-NR = 0.605).
The results of this study also prove effectiveness of the developed illustrated scale. This research
thus provides a suitable measuring instrument for people with learning difficulties and can make a
contribution to the investigation of human-nature connections and conservation education.

Keywords: connection to nature; inclusion of nature in self scale (INS); illustrated inclusion of nature
in self scale (IINS); connectedness to nature scale (CNS); nature relatedness scale (NR); special needs
education; learning difficulties

1. Introduction

“We abuse land because we regard it as a commodity belonging to us. When we see land as
a community to which we belong, we may begin to use it with love and respect.” [1]. With this
well-known quotation, the ecologist Leopold described the human connection to nature.
Nature and the land should not be seen as property, but as part of that which we belong to.
In current environmental education research, the concept of connection to nature plays an
important role in this context. Although the construct of connection to nature is repeatedly
applied in various fields such as environmental research, conservation education, and
environmental psychology, there is still no clear and generally accepted definition. Some
authors, for example, focus in their concept of connection to nature particularly on the
relationship between one’s own identity and nature [2,3]. Other authors emphasize the
emotional connection to nature [4–6].

In our modern Western society, however, the connection of people to nature is de-
creasing more and more. This split between humans and nature can be seen as one of the
reasons for our current environmental problems [7]. Connection to nature is a predictor
for environmentally friendly behavior [5,6] and can increase the positive environmental
action of a person [8]. There is a positive correlation between connection to nature and
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appropriate environmental behavior [9] and people with an increased connection to nature
have a higher motivation to show environmentally friendly behavior [2,10,11]. Therefore,
the connection to nature is an important basis for the protection of nature (e.g., [4,12–14]).
However, an increase in connection with nature not only offers advantages for the environ-
ment, but also great individual benefit. People that are connected to nature generally have
a higher sense of well-being [15–17], show better mental health [15], are happier [18,19],
and have a higher life vitality [20].

A number of studies have shown that environmental education programs are one way
of increasing the participants’ connection to nature [21–24]. In this context, a large number
of measuring instruments have been developed in recent years to investigate the connection
to nature of humans: For example the Connectedness to Nature Scale (CNS) by Mayer
and Frantz [5], the Nature Relatedness Scale (NR) by Nisbet et al. [6], the Environmental
Identity Scale by Clayton [2], the Implicit Association Test (IAT) by Schultz et al. [25] or the
Children’s Connection to Nature Index by Cheng and Monroe [11].

In his concept of “Inclusion of Nature in Self” Schultz [12] describes three levels
of inclusion with nature. The cognitive component indicates how strongly a person
sees nature as part of himself or herself, the affective component answers the question
whether a person cares about nature and the behavioral component explains whether a
person is motivated to act in the best interests of nature. The cognitive component is the
prerequisite for achieving the affective component and the affective component in turn is
the prerequisite for the behavioral component (Figure 1).
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Figure 1. The concept of Inclusion of Nature by Schultz (2002).

To measure the Inclusion of Nature, Schultz [12] introduced the “Inclusion of nature
in self scale” (INS). This measuring instrument consists only of a single graphical question
(Appendix A), which has several advantages: It can be used quickly and easily, requires
little space in a questionnaire, no complex translations are necessary and the results from
different cultures remain comparable. Furthermore, this measuring instrument also shows a
high validity [26]. However, despite the many advantages, there are also points of criticism.
Due to the single item structure, the reliability of the construct cannot be verified [25]
and the participants must have a certain capability of abstraction to understand the scale
correctly [5]. While the reliability of the scale has already been confirmed by an extended
version of the scale in another study [26], there is, however, not yet a version of the scale for
participants with a lower level of imagination and abstraction. Especially when examining
the connection to nature of younger students or of people in need of support, this would
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make sense, since exactly these groups of people potentially do not have the necessary
ability to abstract. Therefore, in this study an extended illustrated version of the INS will
be developed, tested and compared with established connection to nature scales. In a
first step (study 1), it will be investigated what school children understand by the term
“nature”. This step is necessary to determine what children understand by the complex
and multi-layered concept of nature in the first place. With the help of these findings, a
new illustrated version of the INS was developed. This new measuring instrument was
then tested on two groups of students and compared with the CNS and the original INS to
verify its validity (study 2). If the new instrument shows high validity, there should be no
difference between the tested groups. Subsequently, the illustrated version of the INS was
tested on the actual target group (children with learning difficulties) and compared with
the CNS and NR. If the newly developed instrument has high validity, it can be expected
that the correlations in this comparison will be consistent with the values found in the
literature (study 3).

2. Study 1

In recent years, various definitional approaches have been proposed that are more
or less able to describe the complexity of nature [4,27,28], but especially in the research of
human-nature connections in environmental-psychology the term nature often remains
undefined [29]. An illustrated representation of “nature” is therefore not an easy task, since
the definitions of “nature” differ culturally and historically [30]. Most current definitions
describe nature as all things that exist independently from humans, such as animals, plants,
but also the inanimate parts of nature (e.g., mountains, weather, waters, etc.) [31,32]. The
aim of the first study was to determine what children understand by the term nature in
order to develop a suitable illustrated questioning instrument.

2.1. Methods

The mentioned lack of empirical research concerning nature images of children and
young adults made a theory-guided, hypothesis-testing investigation nearly impossible.
Thus, this research followed a descriptive-exploratory design (Bortz and Döring, 2006).
This sub-study, which was conducted in Germany in 2014 and 2015, presents data from a
quantitative survey comparing ideas of nature reported by individuals.

2.1.1. Participants

The comparative study exploring individual ideas of nature is based on a survey
which included N = 183 students (45.9% female, 54.1% male). Two primary and seven
secondary school classes from Germany were surveyed (8% were between 7 and 9 years of
age, 67.76% between 10 and 12 years and 23.5% between 13 and 15 years). Recruitment of
participants happened via mail advertisement. There were 20 schools in Germany invited to
participate in the environmental research study. All program participants were aware that
their assessment was purely voluntary. As most of the participants were minors, parental
consent was gained prior to the evaluation. All students and parents were informed about
the detailed study contents, the research process, and data storage.

2.1.2. Instruments

Data was assessed via paper and pencil questionnaire. In addition to demographic
data, the instrument focused on the images of nature using an open-ended item. The
participants had to name up to three items that are essential parts of nature for them.

2.1.3. Analysis

The evaluation quantified how often individual components of nature were mentioned.
For terms that occurred more frequently (>5; e.g., trees), a separate category was added
and these were then not placed in a top category (e.g., plants or forest). On the other hand,
terms with only a few mentions (<5) were assigned to a suitable top category (e.g., insects
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to animals). Green was used as a collective category for naming the color green, leaves
or grass.

2.2. Results

A total of 16 categories with more than five entries were recorded, whose percentage
distribution is shown in Figure 2.
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2.3. Discussion

Especially in environmental psychology, the question of what exactly is understood by
the term nature often remains undefined [29]. Additionally, in modern everyday language
there is no straightforward way to understand nature. The term is often used to describe
green spaces with ecological value [33]. Until now, only a few empirical studies have dealt
with the images that humans have of nature. For example 34 [34], examined what people
think of when they hear the term nature environment. Abstract terms like “undisturbed by
humans”, “beautiful” or “peaceful” were often mentioned. It was also found that people’s
cognitions of what nature is are more ecocentric than anthropocentric [35]. Cultural
influences and differences in the perception of nature are also likely. For example, a study
in the Netherlands found that native Dutch people tend to have a wilderness image of
nature, whereas immigrants tend to have a functional image [36]. There are only very few
studies that really deal concretely with what images of nature humans or children have. In
another Dutch study, people counted the sea, wind, the sun, but also animals and plants
as part of real nature. Particularly important were forests, which 69% of the participants
mentioned [37]. Van den Born et al. [38] discovered that, for example, the rainforest, wind
or heathlands were considered ‘real’ nature.

Our study supports these findings from previous studies and provides a number
of new insights into children’s perception of nature. The results show that animals and
plants in particular are seen as an important part of nature, with the forest and trees being
explicitly mentioned by many students. This seems to be conclusive, since about one third
of the country where the survey took place (Germany) is covered with forest [39]. Water
bodies, meadows and air were also counted as part of nature, as well as abstract terms such
as “green” or “silence”.

In order to create a survey instrument from the terms mentioned, we tried to graph-
ically represent as many of the terms in Figure 2 as possible. Thus, different animals
(67.8%), different plants (51.9%), meadows (15.3%), and mountains (4.4%) were used. The
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three water types (water 13.1%; lake 8.7%; 3.8% river) were, in order not to overload the
illustration, summarized and represented only by a river. The picture works with a lot of
green (10.9%) and should give an impression of tranquility (13.1%). An easy to understand
comic style was chosen for the images. The created image was resized to fit into the circle
of the INS labeled nature. The circle that represents the person itself was extended by a
pictogram of a human. The final illustration is shown in Figure 3 in English and in the
Appendix B in German. This extended survey instrument is called Illustrated INS (IINS) or
illustrated version of the INS.

 
 

 

 
Int. J. Environ. Res. Public Health 2021, 18, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/ijerph 

Article 

ANN-Based Integrated Risk Ranking Approach: A Case Study 
of Contaminants of Emerging Concern of Fish and Seafood in 
Europe 
Vikas Kumar 1,2,* and Saurav Kumar 1,3 

1 Environmental Engineering Laboratory, Departament d’Enginyeria Química, Universitat Rovira i Virgili, 
43007 Tarragona, Catalonia, Spain; sauravbioinfo3376@gmail.com 

2 IISPV, Hospital Universitari Sant Joan de Reus, Universitat Rovira I Virgili, 43201 Reus, Spain 
3 Department of Biochemistry, Deshbandhu College, University of Delhi, Delhi 110019, India 
* Correspondence: vikas.kumar@urv.cat; Tel.: +34-977558576 

 
Figure 3. Finale Version of the Illustrated Inclusion of Nature in Self Scale (IINS).

3. Study 2

In study 2, the newly developed IINS and the original INS were tested on students and
compared with each other. Additionally, both scales were compared with an established
nature connectedness measuring instrument (CNS).

3.1. Methods

To test whether the illustrated version of the INS measures the connection to nature
as in the original scale by Schultz [12], two homogeneous groups were selected. One
group was surveyed with the IINS, the other with the original INS. In addition, the CNS of
Mayer and Frantz [5] was also applied in both groups to determine a potential difference
in connection to nature. The gender and age distribution in the groups has a potential
influence on the connection to nature (e.g., [40,41]), so that both factors must be taken into
account.

3.1.1. Participants

A total of 588 students were surveyed in two consecutive years in the course “Structure
and Function of Organisms” at Goethe-University Frankfurt. This is an introductory course
in biology studies, which both biology bachelor students as well as teacher trainees in
biology in the first semester of their studies have to complete. In the first year (winter
semester 2018/19), 322 students (64.3% female, 33.9% male, 1.8% no answer; Mage = 20.44)
were surveyed. In the following year (winter semester 19/20), 266 new students (62.0%
female, 35.3 male, 2.6 no answer; Mage = 20.51) were questioned. The age and gender
distribution is shown in Figure 4.
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The survey was voluntary and all respondents were of legal age at the time of the
study. The students were asked to fill in the questionnaire at the beginning of the practical
work phase of the course and leave it on the table at the end of the day.

3.1.2. Instruments

CNS. Die Connectedness to Nature Scale is a question instrument consisting of 14 items
from Mayer and Frantz [5] which aims to measure the affective connection to nature. It has
been used in numerous studies [16,17,40,42] and its reliability confirmed repeatedly, also
for different languages [43–46]. Even though the instrument has been criticized by some
authors for not measuring the emotional connection to nature as it is supposed to [47],
its correlation and therefore convergent validity to other measuring instruments of the
concept of connection to nature could be proven [48–50]. It can therefore be assumed
that the CNS is a suitable instrument for investigating the connection to nature. Since
the study was conducted during class time, a shortened version of the CNS was used
in order to keep the questionnaire as short and compact as possible. For this purpose,
five items with high factor loading from the original study of Mayer and Frantz [5] were
selected. The applicability of a shortened CNS was confirmed several times in previous
research [45,46,51].

INS. The Inclusion of Nature in Self Scale is a one-dimensional, graphical questioning
tool by Schultz [12] following the example of the “Inclusion of Other in the Self Scale” by
Aron et al. [52]. It was designed to measure the cognitive component of being connected
to nature. It consists of seven pairs of circles, which differ in the degree of overlap. One
circle is labeled with “me”, the other with “nature” (Appendix A). The participants had to
choose the pair of circles that best describes their relationship to nature. The scale ranges
from two separate circles (separate from nature) to two completely overlapping circles
(one with nature). Despite its simplicity, the instrument shows a strong positive correlation
with other instruments for connecting with nature [44,48,50] and was tested and applied in
many studies [21–23,53,54].

IINS. The Illustrated Inclusion of Nature in Self Scale that was developed in study 1
(see Appendix B) was also applied.
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3.1.3. Analysis

The statistical analysis was performed using IBM SPSS 27. In a first step, a principal
component analysis (PCA) of the five CNS items was conducted to verify the single factor
structure of the instrument. To determine whether the five CNS items used were suitable
for factor analysis, the Bartlett test and the Kaiser-Meyer-Olkin (KMO) test were previously
performed. The Kolmogorov-Smirnov was used to test for normal distribution. To check
whether the age and gender distribution in the two test groups differed significantly, the
Mann-Whitney-U-Test was applied. The same test was performed to compare the INS and
CNS values of the two test groups. The Pearson correlation between CNS and INS was
calculated for both groups.

3.2. Results

For the five CNS items, the KMO test approved the sampling adequacy (KMO = 0.802)
and the Bartlett test was highly significant (p < 0.001), thus meeting the requirements for
factor analysis. All items showed a high factor loading (M = 0.764) on a single factor, which
explained 58.84% of the variance. The Cronbach alpha was α = 0.816 (Table 1).

Table 1. Result of the principal component analysis (PCA) with the items of the reduced Connectedness to Nature
Scale (CNS).

Factor 1

CNS_1 I often feel part of the web of life. 0.855
CNS_2 I often feel a sense of oneness with natural world around me. 0.807
CNS_3 I think of the natural world as a community to which I belong. 0.783
CNS_4 I feel as though I belong to the Earth as equally as it belongs to me. 0.692
CNS_5 When I think of my life, I imagine myself to be part of a larger cyclical process of living. 0.685

α = 0.816.

The comparison of the age and gender distribution between the two student groups
showed no significant difference (page = 0.400; pgender = 0.829). Furthermore, the compari-
son of the CNS and INS scores between the two groups showed no significant differences
(pCNS = 0.276; pINS = 0.247). The Pearson correlation between the CNS and INS score for
the first group (winter semester 2018/19) was r = 0.595 (p < 0.001), for the second group
(winter semester 2019/20) r = 0.618 (p < 0.001).

3.3. Discussion

The KMO score (KMO = 0.802) and the significance of the Bartlett test (p < 0.001)
confirm that the data are appropriate for performing a factor analysis [55,56]. The factor
analysis of the five CNS items used underlines the single factor structure of the CNS scale.
All items show high factor loadings (>0.685; average factor loading = 0.766) and an accept-
able Cronbach alpha of α = 0.816 [57]. The average factor loading for the shortened scale is
significantly higher than for the full scale (Mayer and Frantz [5]; average values between
0.54 and 0.61; see also Olivos et al. [49]). On the other hand, studies with a shortened
version of the CNS show similarly high factor loading [42,46] and alpha values [45], as in
this study. This confirms that the CNS items used reflect the one-dimensional construct
well and that internal consistency is given. Therefore, it is suitable for further analysis.

The comparison of the gender distribution between the two groups tested shows no
significant difference (p = 0.829). Gender is a much discussed factor in the literature, as it
potentially influences various personal variables related to nature (e.g., [58–60]). However,
the results are mixed and sometimes contradictory. While some studies have not found
a difference between men and women [5,61,62], there is also evidence of a higher level
of connection to nature among women [40]. Despite the contradictory results, a different
gender distribution between the groups of the study could have led to a distortion of the
results. Due to the equal gender distribution between the groups, this can be excluded.
The age effect in terms of connection to nature is, however, more explicit. Various studies
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have shown that younger students have higher values of connection to nature than older
ones [22,23]. Hughes et al. [41] examined the relationship between connection to nature
and age in a large cross-sectional study. It was found that the connection to nature is
relatively high for younger children, but declines strongly during puberty. After puberty,
there is an increase again, but this does not reach the high starting level. Due to the equal
distribution of age and gender in both groups and the same orientation of interests (biology
students in their freshman year), it can be assumed that these are homogeneous groups.
Thus, a comparison of the instruments across the groups is valid.

The comparison of CNS scores for the two groups shows no significant difference
(p = 0.276). It can therefore be concluded that there is an equal level of connection to
nature in both groups. If the IINS does not distort the result and works as intended, the
comparison of the illustrated and original INS values between the two student’s groups
should not show a significant difference. The Mann-Whitney-U-test confirms that there is
no significant difference between the two groups with different INS instruments (p = 0.247).
It can therefore be assumed that the newly developed IINS measures the connection to
nature as effectively as the original scale and that the results even remain comparable. This
result is also supported by the correlations of (I)INS and CNS in both groups. For both
groups, the correlations between the instruments are in a similar range size (rGroup 1 = 0.595;
rGroup 2 = 0.618). The high correlation indicates a high convergence of the two instruments.
This result for the original INS and CNS has already been confirmed in various previous
studies. For example, 50 [50] found similar correlation values (r = 0.64 and r = 0.53) between
INS and CNS in his two studies. Brügger et al. [48] and Olivos et al. [49] also found similar
correlations scores (r = 0.66; r = 0.561 and r = 0.472). The comparison with the literature
values suggests that the illustrated version of the INS quantifies the connection to nature
like the original version of the INS.

4. Study 3

In study 3, the IINS was tested on the actual target group, people with a lower ability
to abstract. In addition, it was compared to established nature connection instruments
(CNS and NR-6).

4.1. Methods
4.1.1. Participants

A total of 106 participants were questioned for this sub-study. All participants were
students of a German special needs school with a focus on learning support (“Förderschule
mit dem Schwerpunkt Lernen”). This type of school is attended by students with special
needs or various limitations (e.g., cognitive) for which the attendance of a regular school
is often limited. Before the study was conducted, it was registered and approved by the
Ministry of Education and Cultural Affairs (“Hessisches Kultusministerium”), which is
responsible for the supervision of schools. Part of this procedure was also the approval
of the school administration and the school conference of the school consulted. Prior
to the survey, the parents were informed in writing about the purpose of the study, the
voluntariness of the survey and data protection and were asked for their written consent.
The study participants were also informed about the voluntariness of participation. All
data were collected anonymously and used for research purposes only. Questionnaires
with patterns (e.g., the same field ticked for all questions) were excluded from the analysis.
Overall, 45% of the participants were female, 54% male and 1% did not want to give any
information about their gender. The age distribution ranged from 9 to 14 and all students
were diagnosed with special educational needs in the area of learning. special learning
support.

The individual questions of the questionnaire were read out to the class by a member
of the university staff and after each question the students were given some time to check
the boxes. Before, the functionality of the Likert-Scale was explained to the students using
everyday examples. If there was any uncertainty about the meaning of individual words,
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help was given. This supporting action was necessary because without this help (e.g., due
to reading and comprehension difficulties), the completion of the questionnaire would
not have been possible. It was made sure that the individual questions were read out as
neutrally as possible so that those being tested were not influenced by the way of speaking.

4.1.2. Instruments

As in study 2, the IINS and the shortened version of the CNS were used for this study.
In addition, the nature relatedness scale (NR) of Nisbet et al. [6] was used to measure the
connection to nature. This is a construct of nature connection, which describes the indi-
vidual relationship to the natural world. Thus, the concept includes the appreciation and
understanding of connectedness to other living beings [6]. The scale has received much at-
tention in environmental research and has been used in numerous studies (e.g., [6,15,63,64]).
To keep the questionnaire as compact as possible for the students, a shortened version
of the NR, the NR-6, was used. This version was developed by Nisbet and Zelenski [65]
and shows high internal consistency, validity and reliability, similar to the original scale.
Therefore, the instrument is particularly suitable for questionnaires where time and space
are limited [65]. This instrument has also been used in numerous studies (e.g., [19,65,66]).
Since it could be assumed that at least some of the students in our survey group have no
idea what the term spirituality means, item three of NR-6 was not included in the survey,
which reduced the number of items to five.

4.1.3. Analysis

A PCA was conducted with the five NR items to verify the factor structure of the
construct for our target group. Prior to this, the Bartlett test and the KMO test was used to
examine whether the data were suitable for factor analysis. To determine the correlation
between the three test instruments, the Pearson correlation was calculated.

4.2. Results

The Bartlett test was highly significant (p < 0.001) and the KMO test approved the
sampling adequacy (KMO = 0.769), so the requirements for a factor analysis were fulfilled.
All items showed a high factor loading on a single factor, which explained 50.47% of the
variance. The Cronbach alpha was α = 0.758 (Table 2).

Table 2. Result of the principal component analysis with the five items of the nature relatedness scale
(NR-6).

Factor 1

NR_1 I feel very connected to all living things and the earth. 0.806
NR_2 My relationship to nature is an important part of who I am. 0.803
NR_3 I take notice of wildlife wherever I am. 0.694
NR_4 My ideal vacation spot would be a remote, wilderness area. 0.688
NR_5 I always think about how my actions affect the environment. 0.523

α = 0.758.

The Pearson correlation between the IINS and the CNS was r = 0.570, between the
IINS and NR-6 r = 0.605 and between CNS and NR-6 r = 0.844 (Figure 5).
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4.3. Discussion

The results of the factor analysis confirm the single factor solution of the NR scale
used [65] and the factor loadings are comparable with previous studies [66]. The Cron-
bach alpha score also confirms the reliability and internal consistency of the shortened
and translated scale. To check whether the newly developed graphical version of the
INS measures the connection to nature in the same way as established instruments, the
convergent validity of the scale must be confirmed. To determine the convergent validity,
the Pearson correlation is often used [67] and should in this context not be less than a value
of r = 0.5 [68]. Our results thus, confirm the convergent validity of the IINS compared to
the established instruments. The correlations we measured are not only above the cut off
value of r = 0.5, but also come very close to the literature values [5,48–50,62,63,69]. Previous
studies have already shown that the correlation between the CNS and NR is relatively high.
In two studies, Tam [50] found correlation values of r = 0.83 and r = 0.76. Howell et al. [63]
found a slightly lower but still strong correlation of r = 0.61. Furthermore, Nisbet et al. [6]
confirmed that there might be overlaps between the CNS and the NR. Our result is also in
this size range (r = 0.844) and confirms this conclusion.

The correlations between CNS and INS are described as less strong in the literature.
They are in the range between r = 0.472 and r = 0.66 [5,48–50,62,69]. However, most of the
values are around r = 0.55 and are therefore similar to our results (r = 0.570). This leads to
the conclusion that the illustrated version of the INS has a similar convergent validity to
the CNS as the original INS.

For the INS and the NR the literature has found strong correlations between the
scales [50,65]. Such a strong correlation could also be measured in our study (r = 0.605).
In conclusion, our results of the correlation analysis indicate that there is a similarly good
convergent validity between CNS, NR and the IINS as between CNS, NR and the original
INS. This confirms that the IINS measures the connection to nature for our target group as
precisely as the original INS. Therefore, the illustrated version of the INS can be used as a
useful alternative for measuring the connection to nature, especially for groups, as in our
case, where other instruments are not suitable.

5. Limitations

Although the study was conducted with great care, some limitations need to be
addressed. The developed illustrated scale reflects the idea of nature from a Western
cultural area. It can be assumed people in another cultural areas, for example in the Arab
world, have a different idea of nature [36]. Therefore, it has yet to be tested whether it
provides precise results outside of the Western cultural area. For the comparison of the
different instruments with the IINS, shortened measuring instruments of the CNS and
the NR-21 scale were used. Although previous studies have shown that reduced versions
of the scales meet the evaluation criteria, have sufficient psychometric properties, and
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measure the construct well [45,46,51,65], it is possible that information was lost and the
result influenced by the use of reduced scales.

6. Conclusions

The three studies carried out provide an important research contribution to environ-
mental education research. Until now, there have been only a limited number of studies that
investigate what people exactly understand by the term nature (e.g., [37]). The results of
study 1 thus provide important information about what children consider to be nature and
what they associate with this term. From this, an illustrated measuring instrument could be
developed, which was tested in study 2 on a large number of students. Since no significant
difference between the new IINS and the original INS could be found, first indications were
given that both instruments are similar enough to capture the same construct of connection
to nature. Afterwards, the IINS was tested on the actual target group in study 3. The results
confirm the high convergent validity of the new instrument. Thus, this study provides envi-
ronmental education research and environmental psychology with a measuring instrument
that is appropriate for measuring the connection to nature of people with a lower ability of
abstraction (such as young children or people with mental impairments). In future studies,
the new instrument can be used to assess teaching approaches in terms of their ability to
foster a connection to nature for younger students or students with learning disabilities.
This will help to identify potential factors that can improve nature connectedness among
this group in particular. With this knowledge, biology and conservation lessons can be
planned, evaluated and improved to further connect their students with nature. Especially
for environmental education institutions in the primary or special education sector, the
instrument is very interesting, because it was designed to fit the needs of the target group
and offers a valid way to measure the connection to nature of their participants.

Because the IINS also provides accurate results for adult students, future longitudinal
studies can be used to examine the development of nature connectedness from early
childhood through adulthood. The results remain comparable to other studies that used
the original INS, as the IINS does not affect the results.
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