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Abstract: Environmental and sustainability education (ESE) traditionally relies on green teaching
environments and active participation. Thus, during the lockdown phase, a gap between curricular
goals and learning outcomes appeared. This study investigates the impact of ESE distance teaching
on 288 Bavarian fifth-graders and learning factors that could bridge this gap. The influence of digital
preferences on learning progress is examined and compared with the influence of fascination levels.
A negative correlation between spending time outside in nature and spending time inside in front
of a digital device is expected. A control group completed a learning unit about biological topics
such as plant identification and environmental factors, as well as ESE topics such as characteristics of
sustainable agriculture, at an out-of-school ESE center. The experimental group completed the same
learning unit in distance teaching. Fascination with Biology (FBio) and Digital Nativity Assessment
Scale (DNAS) were applied in addition to a customized knowledge test. Both values seem to have
a positive impact on learning outcomes. There were no significant differences between the control
and experimental group. Surprisingly, Fascination and Digital Nativity show a low, if not negligible,
relationship. Implications for digital ESE, especially between outdoor learning centers and schools,
are discussed.
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1. Introduction

The United Nations (UN) 2030 Agenda includes 17 Sustainable Development Goals
(SDGs). These are intended to address global problems such as climate change, poverty,
and inequality. SDGs can be implemented at the political and individual level. The former
is encouraged, for example, by the SDG Index [1]. The index evaluates countries and cities
based on the SDGs and assesses the extent to which they will achieve them by 2030 or in
which areas they need to make improvements. According to the SDG Index, Germany
should primarily work on Goals 12 (Sustainable Consumption and Production) and 13 (Climate
Protection and Adaptation) [2]. Both areas can be improved through political guidelines. Ad-
ditionally, citizens can exert influence on an individual basis. For example, the food market
recently underwent changes regarding meat substitutes due to consumer demand [34].
Similar trends can be observed in housing and mobility [5,6]. Measures regarding climate
protection have been pushed forward by both the government and citizen initiatives [7,8].
However, top-down measures, i.e., those initiated by the government, are perceived nega-
tively by the population if citizens lack information on the environmental effects of these
measures [9,10]. For example, the expansion of renewable energies in Germany is politically
promoted, but citizens are skeptical about the successful implementation [11]. In bottom-up
initiatives, i.e., projects initiated by citizens, a lack of environmental protection knowledge
does not result in citizens questioning the effectiveness of the measures [12]. This suggests
that poor scientific expertise, which is necessary to understand interconnections in the
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ecosystem, has a negative impact on citizens’ perceptions only in the case of top-down mea-
sures. Consequently, sustainable education should, on the one hand, focus on knowledge
transfer, and on the other hand, promote sustainable measures that have been proposed
by citizens. A project that has made the leap from bottom-up to top-down, was the “Save
the Bees” initiative of 2019, which was initiated locally and eventually implemented at the
state policy level. Education for Sustainable Development (ESD) should support both the
acceptance of political guidelines and the foundation of further citizens’ initiatives [13].

ESD should build a bridge between citizens, policy makers, and scientists by commu-
nicating the latest research results in a comprehensible way and by taking into account and
promoting affective aspects such as connectedness to nature. To draw attention this, the
UN Decade of Education for Sustainable Development was initiated. However, the final report
of 2017 points out significant shortcomings at the curricular level. To achieve the goals by
2030, curricula need to be further adapted and ESD institutions need to be expanded [14].
In this context, the German school system and regional curricula were analyzed for ESD
elements [15]. The results are in line with the findings of the UN, which calls for stronger
efforts to achieve the SDGs on the part of the German educational landscape. Furthermore,
it was found that there were large differences in the implementation of ESD in the curric-
ula between school types within one federal state and between the same school type in
different federal states. The German school system does not offer different learning levels
within one high school. After the fourth grade, students choose a type of school that is
appropriately designed for stronger or weaker students or has a special focus on content.
The new Bavarian LehrplanPLUS implemented the most ESD concepts compared to other
federal states.

Although ESD covers a wide range of learning approaches, the term environmental and
sustainability education (ESE) is considered more appropriate. It entails not only ESD, which
is a relatively new term in environmental education, but refers to traditional approaches
such as nature-based learning, outdoor education, or eco-justice education as well. ESE is
implemented as projects supported or led by external cooperation partners supplemental to
regular teaching. Due to the Covid pandemic, cooperation with such ESE centers proved to
be difficult, as field trips could not take place and digital lessons were initially problematic.
As a result, it is reasonable to assume that ESE has been able to make little progress in
the past two years and achieving Agenda 2030 goals will become even more important in
the coming years to compensate for these setbacks. As the pandemic situation remains
challenging, digital or distance-learning ESD initiatives are gaining importance.

Research approaches that refer to control groups and experimental groups are viewed
critically in educational research [16,17]. In this article, these terms are also used, but the
reader is asked to reflect on them at this point. Several aspects could have influenced
the participants but were not measurable. First, the data collection took place during an
exceptional situation. Pandemic-related distance teaching led to an interesting research
approach. However, this resulted in a lack of values from regular classes, as these simply
did not exist during that time period. Second, when researching learning scenarios, it is
impossible to control all variables satisfactorily as compared to controlled experiments in a
laboratory [18]. Students are individuals who hold individual experiences and learning
capacities. Learning environments are thus perceived individually, too. The same is true for
teachers, yet they play a minor role in this study design. Even if significant learning effects
occur, they can never be attributed to a specific variable. The sample size should offer
insights into a basic trend, though, which should be confirmed or rejected with appropriate
follow-up studies [19].

1.1. Impact of Distance Education on ESE Learning Outcome

ESE often relies on out-of-school settings, as this is a suitable way to implement
multi-perspectivity. Even though visiting these places requires additional organizational,
temporal, and financial effort, teaching programs at out-of-school learning places are seen
as worthwhile, as they can be conducive to linking knowledge, increasing motivation, and
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fulfilling curricular anchored cognitive as well as affective learning goals [20,21]. Actively
engaging students in the out-of-school learning space fosters both affective and cognitive
progress [22-24]. Curricular requirements such as the imitation of research procedures,
action orientation, and applicability are met [25]. Finally, the high level of self-regulation
and practicality should enable deeper learning and contribute to environmental awareness,
which in turn can be intensified through cross-curricular arrangements and increase in-
trinsic motivation: A creative, authentic approach to the learning object should promote
positive experience via multisensory experiences and explorations. Based on these findings,
the intervention unit was designed to be problem-oriented and student-centered. However,
the positive effects of an out-of-school learning site and certain aspects of discovery learning
are difficult to replicate in distance education. This problem was encountered by many
out-of-school learning curricula: even when they offered a digital fallback for processing at
home, it was questionable what advantages would accrue from this facility. In addition to
the complexity of ESE content, teachers also faced the methodological and technical chal-
lenges of emergency distance teaching [26]. Other studies indicate that low-achievers and
marginalized groups had more problems with distance learning than high-achievers [27,28].
Thus, the present study assumes that students in distance learning will perform worse in
terms of learning progress than the control group.

1.2. Impact of Digital Preferences on ESE Learning Outcome

Besides contextual challenges of ESE, students as well as teachers were confronted with
additional methodological challenges due to spontaneous distance learning. It is implied
that younger generations, by growing up in a digitized world, have inherent skills that are
not developed, or at least, less developed in older generations [29]. One such theory is about
digital nativity by Prensky. Digital natives are defined as people who were raised during
the cyber age [30]. Digital immigrants are people who were not born into the cyber age but
live in it. According to this theory, being surrounded by technology leads to intuitively
knowing how to use (digital) technology, having a basic digital literacy, being comfortable
with multitasking (performing different tasks at the same time), preferring experimental
and collaborative learning methods, and perceiving information presented in images easier
than in text [31]. According to these skills, students should be more comfortable in digital
teaching environments than teachers. If this is not the case, digital ESE should take special
care not to overburden learners, both methodologically and content-wise.

Whether digital nativity exists—and if so, what influence it has—is still debated.
Some scientists doubt the existence of digital generations, or at least the scope of the
differences between natives and immigrants [32,33]. Others have developed measurement
instruments for digital nativity [34]. Because the presence of technology in everyday life
has evolved even more dramatically since the 2000s, when the theory was first proposed,
the differences in digital literacy should be much greater and therefore easier to measure
today. In addition, the pandemic resulted in a period of thorough digitalization of the
school system and therefore provided a unique opportunity to study students who had to
work with digital tools daily.

Even before the pandemic, various studies had been able to establish a link between
digital skills and increased cognitive performance and knowledge gains [35,36]. Educa-
tional environments are becoming increasingly digitalized, just like working environments.
Basic digital skills are therefore a prerequisite for success in and out of school. Digital
nativity deals with the extent to which skills such as the ones proposed by Prensky are
inherent, or whether they have to be established before digital teaching methods can be
implemented in a meaningful way. Compared to Information and Communication Technology
(ICT) measurement tools, nativity scales go beyond skills and include personal preferences,
such as sources of information and media use. In educational contexts, differences be-
tween natives and immigrants should be considered when conceptualizing digital as well as
nondigital learning environments.
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The Digital Nativity Assessment Scale (DNAS) was applied to track digital nativity
levels for secondary-level students [37]. It was originally developed to assess self-reported
competences such as multitasking and information processing in digital immigrants. The
scale comprises four subcategories with a total of 21 items: Grow up with technology (5
items), Comfortable with multitasking (6 items), Reliant on graphics for communication (5 items)
and Thrive on instant gratifications and rewards (5 items). DNAS was used successfully in
other studies; however, the target groups have only been adults so far [38-40]. Students
with high DNAS scores are considered to be generally comfortable with digital learning
tools. Those with low scores are more likely to have difficulty navigating digital learning
environments. The target group of fifth-graders at the beginning of the school year is
particularly interesting because ICT has not yet been taught as a compulsory part of the
German curriculum.

Previous studies are associated with tests focusing on ICT skills [41-43]. Most of them
distinguish fundamentally between the use of digital methods inside and outside of school,
i.e., in the context of digitalized lessons or for leisure activities. Before pandemic-related
distance teaching, fifth-graders faced digital elements solely in the classroom. Therefore,
such a distinction is not useful in this context. The DNAS focuses less on usage times of
digital devices and ICT skills and captures more general tendencies and preferences of
students. These underlying trends may also be valuable for nondigitized or only partially
digitized schools. Another key factor in the selection of the measurement instrument was
its user-friendliness. DNAS, with its 21 Likert-type questions, is easy for fifth-graders to
use and for teachers to evaluate. Therefore, it is an instrument that could also be used in
the classroom.

1.3. Impact of Interest on ESE Learning Outcome

Another aspect monitored in this study is Interest as a key factor for successful long-
term learning e.g., [44,45]. Interest is a particular form of intrinsic motivation related to a
specific object, learning content, or person [46]. Consequently, being interested is a focused,
emotional state that has a positive effect on learning growth and competence acquisition.
The concept can be differentiated according to situation and person. Situational interest
is caused in a specific situation by external factors, such as the everyday relevance of the
learning object or the interestingness of the learning environment. Individual interest is
a stable personality-specific characteristic that expresses itself as a preference towards a
certain learning object. For long-term learning effects, educators try to preserve situational
interest through didactic-methodical procedures and to anchor it as individual interest [47].
In the context of this study, interest towards the learning object is assessed as fascination [48].

To track individual interest in biology, the Fascination with Biology scale (FBio) was
applied. This standardized instrument has been used successfully in various on-site stud-
ies [49,50]. FBio is a subcategory of the Fascination with Science scale by Otto et al. [48],
which tests affective, cognitive, and behavioral dimensions. Fascination is a latent construct
that cannot be measured directly but indirectly through these three categories. The affec-
tive dimension measures positive feelings and emotions towards science. The cognitive
dimension tests skills, knowledge, and willingness to solve complex scientific problems.
The behavioral dimension tracks activities that students perform regularly in their spare
time or as a hobby. The test consists of several statements which participants are asked to
rate. The authors propose that when effortful actions are suggested in the test (e.g., going
somewhere special or using technical devices), then if a participant agrees to make many of
those efforts, that is evidence of deep fascination, whereas a person with low fascination
will not agree to as many of the suggested actions. Thus, a person with deep fascination
will agree to more statements from the test than a person with low fascination. For the
target group of this study;, it is particularly relevant that 10-year-olds have so far had very
high scores in interest in science. In the intervention, this should primarily have the effect
that the students stay engaged even in the case of difficulties with digital methodology due
to their high individual interest in the topic.
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A link has been established between declining individual interest and the decrease in
STEM freshman enrollment in the United States [51]. This decline is most evident during
high school. Therefore, fifth-graders have an excellent opportunity to build on and maintain
high STEM interest. Other studies suggest that individual interest can be fostered primarily
in informal learning environments within social learning scenarios, e.g., at an out-of-school
learning site [52]. Distance learning can also be informal, but it takes more effort to maintain
social learning opportunities. Thus, the developments of the last two years may pose an
additional problem for STEM interest. It is therefore expected that fascination levels in this
study will be rather low compared to other studies with high school students.

1.4. Importance of the Study and Research Goals

The main research focus of this study is to analyze the potential of digital ESE. Dig-
ital teaching methods have become the focus of educational research due to the recent
exceptional pandemic situation. Distance learning forced ESE to be conducted remotely. To
what extent this lack of nature-based learning experiences has created an educational gap
that needs to be bridged remains open. The study will analyze the influence of students’
preferences in regard to content and learning process on their cognitive learning progress.
The Digital Nativity Assessment Scale (DNAS) measures whether students are comfortable
with digital learning environments. However, it was initially designed for adults and thus
needs validation with students first. The DNAS instrument may be suitable for school use
due to its conciseness and comprehensibility. If it performs well in this age group, it may
then be adopted for general use. The Fascination with Biology (FBio) Scale is used to measure
individual interest levels. An initial validation regarding the target group will also be
applied here. Both tools are analyzed regarding their robustness in an online ESE learning
unit. Finally, results on the connection between digital teaching method, taught content,
and ESE learning progress are explored. Accordingly, the following research questions are
addressed:

1.  How do fifth-graders perform in the German version of the DNAS?

2. To what extent can the internal structure of the FBio scale be identified in German
students?

3. Which influences learning progress more: student fascination as measured on the
FBio scale or Digital Nativity as measured on the DNAS scale? How do topic and
method influence each other?

2. Materials and Methods
2.1. Participants and Intervention Design

The study was conducted in June 2019 and 2020 with 288 participants from eleven
different classes form five urban high schools (10.8 £ 0.45 years, 41% ). Participation was
voluntary. Students completed questionnaires before and after an intervention-style unit.
The learning unit was designed with emphasis on an action-oriented approach to teaching
central scientific working methods. Problem-based instruction and student activity are
characteristics of good teaching in normal school settings. In distance learning, problem-
based approaches have shown higher motivation and better learning effect [53]. The unit
was not explicitly designed to change Nativity or Fascination Levels, but to relate them to
knowledge gains. The results presented here are quantitative in nature as three validated
instruments are further explored. However, there are also qualitative elements to the overall
project that have been presented in other articles [54,55].

Two different approaches were used to teach curriculum-related content in botany
and sustainable agriculture. The control group completed a conventional, one-day on-
site intervention, whereas the experimental group completed an online asynchronous
learning unit over the course of two weeks (See Table 1). Both groups received an electronic
guidebook with tasks either based on information on-site or with links to learning platforms
(e.g., Prezi). In both settings, teachers were instructed to not provide any additional learning
material. Any ambiguities on the part of the students were passed on to the team of tutors
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consisting of university students, who in turn were instructed as to what extent they were
allowed to help in terms of content. Said tutors worked with both the control and the
experimental group.

Table 1. Timeline of the intervention (control group and experimental group).

Teaching Content Control Group Exp. Group

introduction “Save the Bees”
plant characteristics
plant identification 9am.-12 p.m. Week 1
biotic factors
abiotic factors

characteristics of pastures
term “sustainability”
sustainable dimensions of agriculture lpm-3pm. Week 2
traditional vs. sustainable agriculture
sustainable actions

The first part of the learning unit covered botanical subjects such as characteristic
features of plant families and how to determine plants by these features. Students learned,
for instance, the botanical terms for flower shapes, leaf shapes, and growth forms. They
also had to complete tasks such as determining known as well as unknown plants. The
second part of the learning unit continued with prerequisites for ideal plant growth by
contrasting different location factors. In order to achieve a comparable action orientation
on-site and online, the experimental group was additionally given various DIY tasks such
as building and implementing a rain gauge to track precipitation. Based on their findings,
students had to choose the most suitable plants for their specific location from a given list
with growth prerequisites. This task paved the way for the overall topic of species diversity
in rural and urban areas. Students gained deeper insight into pros and cons of traditional
and sustainable agriculture through three expert videos. To conclude, students were asked
to select from a list of sustainable actions some that they thought would be meaningful for
their community or hometown. If the students wanted to, they could present their selection
of measures in the form of a poster digitally or on site.

In general, the learning unit was designed to let students work independently. They
could, for example, make use of graded learning aids, or in case of the online version,
contact tutors, which is recommended for hybrid or distance learning [56]. Another central
point of the learning unit was the direct connection with the personal living environment
of the students [57,58]. The relevance for the students themselves and their living environ-
ment was explicitly established in order to elicit as much personal initiative as possible.
The student-centered focus was enhanced through DIY projects. In addition, the students’
opinions on sustainable actions were included to show that they can make a difference
themselves. According to Table 1, the working period in the online version may seem
much more extensive. This design was chosen to meet the needs of the teachers. Instead
of participating in a one-day field trip, teachers needed to be able to integrate the lessons
into their regular schedules. All schools were in distance learning at the time of the study,
meaning synchronous contact with teachers occurred only via video communication. Stu-
dents in both groups worked with identical research notebooks, information materials, and
work assignments, except for the DIY projects. The biggest difference may be the natural
environment and the use of living specimens. For the study, suitable pasture sections were
created and plants that could be easily identified were planted. The experimental group
had to rely on pictures, videos, or plants in the home garden for plant identification. The
intervention unit aligns with the Next Generation Science Standards (NGSS). It contains Sci-
ence and Engineering Practices, for example, taxonomic procedures and measuring abiotic
factors. Crosscutting Concepts are met in Systems and System Models (boundaries of the
ecosystem “pasture”), Structure and Function (of reproductive organs of plants), Stability
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and Change (stability of abiotic and biotic factors of ecosystems determine their overall
stability), as well as Cause and Effect (different methods of farming result in changes of
the affected ecosystems). Biological Core Ideas are represented in ESS3.C (human impacts
on earth systems), LS2.A (interdependent relationships in ecosystems), LS2.C (ecosystem
dynamics, functioning, and resilience), and LS4.D (biodiversity and humans). Scientific
Method Core Ideas are addressed, specifically MS-LS2-4 (“construct an argument supported
by empirical evidence that changes to physical or biological components of an ecosystem
affect populations”) and MS-LS2-5 (“evaluate competing design solutions for maintaining
biodiversity and ecosystem services”).

2.2. Instruments and Data Collection

To measure the students’ digital capabilities, the Digital Nativity Assessment Scale
(DNAS) by Teo [37] was used. A team of experts was carefully selected for the German
translation. Some language adjustments were made specifically for that age group, as
well as incorporating new technologies that have emerged since the conceptualization of
the DNAS. Before the questionnaire was used in this study, a pilot test with 24 students,
who did not participate in the study later on, was conducted. Since there are generally
mixed results for the reproduction of Teo’s 4-factor structure [33,34] and in addition to
translation into German further linguistic adjustments were made, the internal structure
was first assessed by means of factor analysis. Since few data are available for this target
group, especially regarding possible changes in DNAS scores over short periods of time,
the questionnaire was completed before and after the intervention. The Likert-type scale
(“strongly disagree” to “strongly agree”) consists of four subcategories with five or six
questions each. Unlike other international studies [38—40], a 5-point scale was used due to
the age of the target group. Since the factor loadings of item M1 were not good in other
samples [38], the subscale was reduced to five items.

Secondly, a subscale of the Fascination with Science Scale by Otto et al. [48] was ap-
plied. It covers behavior, cognition, and affection on a 5-point Likert-type scale (“strongly
disagree”/”never” to “strongly agree” /”very often”). The original scale is comprised of
84 items in seven different topics: science in general, biology, chemistry, physics, astron-
omy, geology, and technology. Each subscale consists of 12 items. In this study, items
measuring attitudinal preferences towards biology (FBio) were used. With such a young
target group, particular care must be taken not to overwhelm the students with too many
question items. As the Fascination scale is quite extensive, only one of the seven subscales
was used—specifically, the one in line with the content of the intervention unit. Because
no significant changes occurred in other fascination studies, the FBio questionnaire was
applied once [59,60]. For both DNAS and FBio some items were reversed (=reworded for
the opposite meaning) for data collection and then reversed again for data analysis. This
was intended to eliminate students who only ticked maxima and to prevent the potential
influence of positive phrasing on students.

A single-choice test specifically designed for this study was used to measure knowl-
edge gains [55]. The items cover botanical knowledge such as typical shapes of plant
families” flowers or the purpose of certain plant organs as well as knowledge about sus-
tainability in agriculture and farming methods. The knowledge test was completed by the
students before they started the learning unit (pretest) and after they completed the last
tasks from the guidebook (posttest). Due to pandemic-related issues it was not possible
to conduct a retention test to assess long-term learning. DIY projects and suggestions for
sustainable actions were not considered.

2.3. Data Analysis

IBM SPSS 26.0 was used for factor analysis and its AMOS plugin for structural equation
modeling (SEM). Level of significance is marked as p < 0.05=%*;p < 0.01 =*% p < 0.001 = ***.
For factor analysis, values below 0.25 were left out. Sample size was adequate for behavioral
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research [61]. Samples larger than 30 ensure enough participants per subcategory, whereas
a sample of more than 500 negatively influences sample error of standard deviation.

First, a Confirmatory Factor Analysis (PCA) of the Digital Nativity Assessment Scale
(DNAS) was performed to validate the basic structure proposed by Teo [37] and Huang
et al. [38]. The two points of measurement for DNAS were combined since ¢-test showed
no significant differences from pretest to posttest (p > 0.05). Students who filled out DNAS
twice were only regarded once, namely the first score.

Another CFA via AMOS was calculated to establish relationships among the latent
variables. Finally, structural equation modeling (SEM) with maximum likelihood estima-
tion was conducted to investigate the relationship between knowledge scores, FBio and
DNAS. SEM is a commonly used method to analyze interrelationships between variables.
Measured variables are drawn as squares; latent ones as ovals. Path values are standardized
regression coefficients . The larger the B value, the stronger the influence. R? values are the
proportion of variance that can be explained by the independent variable. R? values—also
called effect sizes—below 0.3 are considered weak and above 0.7 strong [62]. Model fit for
both CFA and SEM was evaluated with the following conventionally used indices: relative
Chi-square (x?/df), comparative fit index (CFI), root-mean-square error of approximation
(RMSEA) and standardized root-mean-square residual (SRMR). For good model fit X2/ df
should be <3 and CFI > 0.95. CFI is dependent on sample size; thus, we expect it to be
lower than 0.9 [63]. RMSEA > 0.08 or SRMR > 0.08 indicate poor fit [64].

3. Results

The findings are organized in two parts. First, DNAS and Fbio tools are analyzed
separately. DNAS is designed for adults and thus needs analysis regarding the current
target group. Fbio is one of several subscales and thus needs analysis regarding its inter-
nal structure. Secondly, structural equation modeling is applied with DNAS, Fbio, and
knowledge gains.

3.1. Digital Nativity Assessment Scale

Following Teo’s approach, CFA with Varimax rotation was applied on all DNAS items
(Teo, 2013, see Table 2). KMO verified sampling adequacy at 0.802, x> =1330.575 and
Bartlett p < 0.001 (for KMO 0.70 to 0.79 = middling, 0.80 to 0.89 = meritorious, 0.90 to
1.00 = marvelous according to Kaiser [65]). Cronbach’s & was at 0.826 (is considered > 0.7 as
good, >0.8 as very good, >0.9 not acceptable; see [66,67]). Internal consistency (Cronbach’s
«) was assessed for each subcategory: Technology 0.844, Graphics 0.721, Multitasking 0.678,
and Rewards 0.674. The overall mean score was at 2.76 (SD = 0.65). Mean scores for each
subcategory were: Technology 3.24 (SD = 1.1), Graphics 2.93 (SD = 0.88), Multitasking 1.8
(SD = 0.81) and Rewards 3.06 (SD = 0.95).

To assess influences between latent variables Technology, Multitasking, Rewards, and
Graphics, another CFA of DNAS via Amos was conducted (see Figure 1). It showed good fit
indices with x2/df at 1.938, RMSEA at 0.068 (<0.08), CFI at 0.883 (>0.9) and SRMR at 0.069
(<0.08). Item R5 was eliminated due to ambivalent results in the CFA prior.
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Table 2. Factor analysis with Varimax rotation of Digital Nativity Assessment scale.

Factor
Item - :
1 =Tech 2 = Graphics 3 = Multi 4 = Rewards
T2 0.815
T1 0.787
T4 0.705
T5 0.660 0.253
T3 0.509
G4 0.724
G2 0.684
G5 0.679 0.271
G3 0.616
Gl 0.253
M4 0.767
Mé6 0.596
M2 0.467
M3 0.422
M5 0.410
R5 —0.257 0.204
R2 0.695
R3 0.682
R4 0.586
R1 0.385
A T1: | use the internet every day.
€2 =—p T2: 1use computers formany things in my daily life.
e3 T3: When | need to know something, I search the internet first.
ed > T4: 1 use the computerfor leisure every day.
eh ==p T5: | keepincontact with my friends through the computer every day.
b = M2: | can check email and chat online at the same time.
e = M3: When using the internet for my work, 1 am able to listen to musicas well.
ef ==  M4: | am able to communicate with my friends and do my work at the same time.
29 == M5: 1 am able to use more than one applications on the computer at the same time.
el — MB6: | can chat on the phone with a friend and message another at the same time.
e20
©]] =—p G1: | use pictures more than words when I wish to explain something.
g] ] G2: lusea lot of graphics and icons when | send messages.
el3 > G3: | prefertoreceive messageswith graphicsand icons. .
eld i G4: | use pictures to express my feelings better.
els G5: luse smiley facesalotin my messages.
elf=— R1: | wish to be rewarded foreverythingl do.
el? R2: | expect quick access to information when I need it.
el R3: When | send out an email, | expecta quickreply.
el9 £ R4: | expectthe websites thatlvisitregularly to be constantly updated.

Figure 1. CFA of Digital Nativity Assessment Scale in AMOS.

3.2. Fascination with Biology

CFA of the FBio scale (see Figure 2) showed good values with x2/df at 1.569, RMSEA
at 0.053 and CFI at 0.884 and Cronbach’s « at 0.831. The overall mean score was at 3.54
(SD = 0.84). Mean scores for each subcategory were: affective 3.684 (SD = 0.75), cognitive 3.41
(SD =1.08), and behavioral 3.42 (SD = 1.06). An independent t-test showed no significant
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e
e3
el
e5

differences between CG (M = 3.56, SD = 1.02) and EG (M = 3.54, SD = 0.64; t (147) = 0.121,
p = 0.904).

Al: Animals are exciting.
A2: 1 like to learn about plants.
A3: The origin and evolution of life on earth fascinates me.

Ad: | would like to know about heredity and how genes influence how we develop.

C1: Biology is important.
C2: Everybody should have basic knowledge about the functioning of the human body.
C3: To learn about bioclogy in school is important.

C4: It is necessary for humans to understand nature.

B1: | collect small water animals.
B2: | watch animals.

B3: | plant seeds and watch them grow.

B4: | examine small animals and plants under the microscope.

Figure 2. CFA of Fascination with Biology Scale in AMOS.

3.3. DNAS, FBio and Knowledge Levels

The knowledge test was previously confirmed a valuable tool via Rasch analysis
amongst [55]. A comparison of pretest (M =15, SD = 3.45) and posttest (M =19.17, SD = 3.41)
via t-test showed significant learning progress due to participation (t (183) = 58.96, p < 0.001;
see Figure 3).
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Figure 3. Learning progress in a digital learning environment.

The SEM of DNAS, FBio, and knowledge scores (see Figure 4) showed adequate model
fit with RMSEA at 0.06, x2/df at 1.725, and CFI at 0.78.  coefficients between DNAS and
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knowledge gain (0.72) as well as FBio and Knowledge Gain (0.56) are high. Influence of
FBio on DNAS is poor (0.18). R? values are indicated above each variable: knowledge
gain = 0.98, DNAS = 0.16, and FBio = 0.11.

ell

Figure 4. Structural equation modeling of DNAS, Fbio, and knowledge gains.

4. Discussion

Green issues can be taught effectively through online teaching in distance education,
although many outreach and out-of-classroom studies depict natural learning environments
as a central prerequisite for their success [49,68,69]. As the intervention took place during
lookdown schooling, successfully teaching botanical contents without direct interaction
with or in nature seemed doomed to failure. Several studies have shown that engaging with
and in natural environments effectively increases individual interest and knowledge levels
e.g., [68,70,71]. Yet, our findings have proven otherwise: knowledge levels increased signif-
icantly and no significant difference detected between online and on-site was found [55].
By examining the designed ESE unit through a triangulation of learning progress, content
preferences (FBio), and methodological preferences (DNAS), it was shown that ESE learning
can be similarly effective in on-site and distance learning. In the larger context of the bridge
that ESE is meant to build between students, adults, and scientists, these findings provide
hope. ESE initiatives can be expanded not by requiring citizens to visit specialized learning
sites, but can be reached through online learning opportunities. This allows ESE to reach a
broader audience. The integrative nature of the learning unit used in this study should be
emphasized. Consequently, such learning programs should rely on action-oriented tasks
and content from the target group’s life in order to put learners in an active role. Besides
effective knowledge integration, this could lay the foundation for bottom-up initiatives by
emphasizing the learners’ own scope for action.

Although the DNAS tool should be adapted to today’s technology, it seems to give
a general indication of students’ digital condition. Thus, on the one hand, as an analysis
tool, it offers possible starting points for methodological workshops with the students. On
the other hand, the positive influence of DNAS scores on knowledge gain shows some
potential for the school context. For example, subjects that do not generate much intrinsic
motivation on the part of the students in terms of content could compensate for this loss
of motivation by using digital methods. Surprisingly, no negative correlation between
DNAS values and FBio were found. It seems that within the current digital generation
”screen-time” is not preferred over “green-time”. This provides interesting starting points
for modern ESE teaching, which apparently does not necessarily have to take place in
natural environments.
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4.1. Assessment of DNAS Values

The DNAS instrument was used in this study to evaluate its potential in the school
context. There are several established scales for ICT skills [42,72]. However, especially
for young students, these are not applicable as the questions are too extensive and the
skills tested are too specific. In addition, it seems unrealistic for such scales to be evaluated
by inexperienced individuals, as this requires experience with statistical analysis. DNAS
does not measure skills directly, but self-reported behavior and methodological preferences.
Thus, if validated, it has potential to bridge the research gap in digital education at the
primary level. An evaluation of DNAS results based on mean values seems to be well
realizable for teachers. The extent to which these potential applications can be achieved
with the current version of the DNAS will be discussed.

The students reached above average scores for Technology, Graphics, and Rewards.
However, Multitasking was at 1.8. This low value could be grounded in the fact that some
work processes described in the items are rather atypical for fifth-graders. For example,
10-year-olds do not send emails, but rather text messages. Therefore, items M2 and M4
seem unfitting for this age group. Although other studies point out that age is not a reliable
indicator for digital nativity, low scores in the Multitasking category are supported by lower
internal consistency scores for the subcategories compared to DNAS studies with older
participants [38,40]. In the latter study, participants reached an overall average of 71%; in
the former they reached at least 65%. Our sample reached an average score of 54%. This
is quite surprising because Wagner’s target group averaged between 19 and 29, (Huang:
© 37,6 years) whereas our target group was between ten and eleven years old. Since
the DNAS tool was used on a German sample for the first time, cultural and linguistic
differences could explain lower mean scores.

Factor Analysis revealed some items to be problematic. For example, item M3 (“When
using the internet for my work, I am able to listen to music as well.”) showed low factor
scores (see Figure 1). Possible explanations are cultural differences and social desirabil-
ity, which is typical for this age group. In the German cultural area, it is unusual for
students to listen to music while doing homework. Background noise is generally consid-
ered disturbing and distracting. Since the questionnaire measures self-reported behavior,
although students were repeatedly assured that neither parents nor teachers would see
the results, they may have expressed little agreement on this item—regardless of whether
they preferred background music or not. However, to avoid overloading students with
too many items, no social desirability or lie questionnaire such as the RCMAS was used
in this study [73]. Should the results be refined with a follow-up study, the use of such
a questionnaire is advised. The item could also be supplemented by “relaxation music”
to exclude distracting noises. In order to tailor the scale to school use, activities that are
typical for students should be considered. Additionally, changes in wording of M2, M3,
and M4 should also be considered with reference to their 3 values for DNAS subscales (see
Figure 1). Multitasking interacts with both Technology and Rewards. If items were adjusted,
this influence would change, too. Graphics generally does not seem to interact greatly with
any of the other subcategories. In summary, although modern terms such as cell phone or
tablet were already implemented in the German DNAS, the adaptation of some items in
relation to young target groups and modern technologies seems appropriate.

Since no significant differences between DNAS pretest and posttest were revealed,
the learning unit apparently did not impact the students” digital nativity levels. This
supports previous research, where such values are rather stable and thus change only
over longer periods of time [29,74]. Research suggests that there are more similarities
than differences between digital natives and immigrants [74]. Other studies have found
that there actually are more than two generations [75]. Significant differences between
first-generation digital natives and later generations are reported [76]. Accordingly, the first
generation was the most innovative and excelled at adopting new technology, while the
younger generations lagged in ICT skills. This could explain the rather low scores in the
study presented here. Consequently, educators cannot assume that students have certain
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digital skills. Additionally, teachers seem not to be properly skilled to meet their students’
needs for digital training [35]. Thus, DNAS could also be valuable for teacher assessment.

4.2. Analysis of FBio Values

In order to shape the behavior of students towards more sustainable lifestyles, not
only cognitive but also affective components should be considered. Accordingly, in en-
vironmental education, motivational effects are considered to have a great influence on
environmentally friendly behaviors [49,77]. Students showed high fascination scores with
a mean score of 3.5 on a 5-point Likert scale. This is in line with other studies regarding
individual interest levels in ESE [59,78]. It was, however, expected that students who had
spent considerable time in distance teaching were detached from nature and thus not as
interested in it. Apparently, spending lots of time inside in front of a digital device is not
contrary to being interested in ESE topics. The basic structure of FBio was confirmed by
factor analysis. As ESE topics are considered interdisciplinary, exploring other subscales of
the Fascination with Science questionnaire seems promising.

The data suggest that the students were very interested in the content of the inter-
vention. Fifth grade is regarded a critical turning point for science motivation [46,49].
Primary school students generally tend to score high STEM interest levels, which decline
during secondary education. They either lose individual interest or develop very high
long-term science motivation. It is also suggested that individual interest is conducive for
pro-environmental values and behavior [50]. As addressed in this study, ESE should focus
on young target groups to transform situational interest into individual interest to promote
sustainable lifestyles. Since fascination scores seem to be independent of the learning site,
it seems that ESE can be taught in a motivating way not only at of out-of-school centers,
but also at home. However, the action-oriented approach of online learning units should
be taken into account.

4.3. Influence of Digital Preferences and Fascination Levels on Knowledge Gains

When comparing Fascination with Biology and DNAS, surprisingly no significant
relation appeared. Spending a lot of time in the great outdoors seems to be in contrast to
spending time with tablets or computers. Therefore, a negative correlation was expected.
One possible explanation is that mobile devices enable adolescents to combine being outside
and online. Game-based research with a combination of outdoor/lab work and digital
activities through mobile apps has been conducted in other STEM subjects [79,80]. Game-
related interest seems to be a great predicator for cognitive and attitudinal increase. In
biology, digital classification tools for plants have become best practice [54]. Other studies
suggest a combination of outdoor and on-screen time [81,82]. Since the digital generation
grew up with mobile internet, being interested in digital tools and biological subjects does
not seem to be contradictory anymore. These findings bare implications for ESE centers to
not only focus on nature-based education but also to adopt certain digital tools.

Students scored high on both interest and nativity. The positive influence on learning
progress as shown by SEM analysis falls in line with previous research on the relationship
between individual interest levels and knowledge acquisition [59,60,78]. The model also
shows high correlations between both values and knowledge gains. This suggests that
especially in groups that are not interested in biological topics, digital methods should be
used to enable effective knowledge transfer. Thus, digital ESE modules could bridge the
gap between less motivated adolescents and sustainability topics.

Studies confirmed that using modern learning settings is a valuable motivation
booster [83]. This claim is supported by our SEM, as DNAS levels had an even greater
impact on learning progress than fascination levels do. In consequence, future research sce-
narios should implement an ideal mix of method and subject in order to maximize learning
efficiency. Other studies suggest a combination of collaborative settings and gamification
elements to increase motivation levels as well as individual learning outcomes [84]. This
provides interesting approaches for follow-up studies on fascination. Since FBio is only
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one subscale, similar teaching methods could be applied to content of other STEM subjects
to trace the influence of fascination levels or their development. This has already been
well-explored in on-site projects such as teaching-learning labs [85]. However, other STEM
subjects are not as popular among students. Thus, educators could use the motivation boost
that digital techniques provide. ESE could benefit from findings concerning the connection
of being comfortable in digital learning environments and teaching content. We suggest
replicating the SEM (Figure 4) with similar teaching techniques in physics, chemistry, and
math.

Digital literacy is regarded a key prerequisite for individual learning progress in
modern e-learning [86]. As previously discussed, being a digital native does not auto-
matically imply mastery of ICT skills. Studies showed a discrepancy between everyday
ICT use (social networking, surfing the internet, participating in online gaming or virtual
communities) and skills needed for problem solving and collaborative learning, which are
basic elements of STEM learning [87]. Thus, a direct correlation between growing up in
a digitized world and better learning outcomes in digital learning environments has not
yet been proven. Our findings suggests that in our sample, digital nativity levels have a
high influence on knowledge gain. Considering a rather low CFI, other indices very well
support the model fit. Low R? values indicate poor explanation for sample variance; 8
values still account for the central tendency of the model [88]. It can be concluded that
this model gives a first indication but should be refined by a larger sample. As DNAS
comprises several subcategories and does not specifically focus on ICT skills, it is rather an
indicator of whether students are generally comfortable in digital learning scenarios.

5. Limitations

The abrupt lockdown phase was an exceptional situation and forced educational stud-
ies to use distance or hybrid instruction. Therefore, replication under normal circumstances
is advisable, although special care was taken to minimize potential differences caused by
the learning location. The lesson was designed to be student-centered and action-oriented.
In addition to fascination and digital preferences, this could also be a motivational factor
that has a positive effect on knowledge gains. In order to provide further insights into
how online instruction should be structured for the digital generations, different e-learning
concepts on the same topic need to be compared. To investigate the influence of digitization
or the relationship between digital nativity and analogue and digital ways of working,
an additional, completely analogue group could have been included. However, since
most out-of-school learning locations are by now at least partially digitized, this seemed a
rather unrealistic scenario. If the DNAS tool is adapted to this age group and to modern
technology, the relationship between DNAS scores and learning growth or improvement of
DNAS scores could be continued through certain training programs. In the unit examined
in this study, digital skills were taught only passively through use. A unit that explicitly
promoted ICT skills might have had a greater impact on DNAS scores. Nevertheless, the
relatively low scores in some DNAS categories indicate that the validity of the instrument
may be questionable. Here, a study in which different questionnaires on digitality are used
and compared should generate further insights.

As FBio scores are expected to drop in high school students and digital skills are
refined during that age, repeating the study for an older target group seems appropriate.
CFI values of the SEM are rather low. This could be caused by interdependencies between
individual factors or a small sample size for structural equation modeling. Thus, repeating
the research setup on a larger scale should provide more information for the validity of
the model.
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6. Conclusions

Modern ESE should rely on both on-site and online teaching methods. Our results
indicate that preferences for both teaching method and teaching content have a great
influence on learning outcome and thus can be used to strengthen ESE. With digital learning
programs, more participants can be reached. We suggest using digital elements to extend
collaborations between authentic ESE learning sites and educational institutions. Our study
provides additional evidence of the basic robustness of the Digital Nativity Assessment
Scale. However, data suggest that some items should be adapted to younger users and
state-of-the-art technologies. In addition, to make the scale more attractive for school use,
activities from the learning contexts could be included (e.g., “I can take notes and pay
attention to a learning video at the same time”). A meta-analysis of all available data
from this measurement instrument could help identify problematic items. We generally
suggest more comparative studies with digital immigrants and natives. The importance of
fundamental differences between digitally proficient and nonproficient people is increasing
in modern society. However, it remains to be clarified whether digital nativity is simply a
question of age, or whether other factors such as social background or nationality may play
a more important role. Structural equation modeling also confirmed a high influence of
fascination levels on learning progress. To provide more accurate information about the
relationship between method, subject, and learning progress, the other subscales of the
fascination scale should also be tested both in online learning units and in the field.

Author Contributions: Conceptualization, S.T.F. and EX.B.; Data curation, S.T.F.; Formal analysis,
S.T.E,; Funding acquisition, F.X.B.; Investigation, S.T.F.; Methodology, S.T.F.; Project administration,
S.T.E. and FEX.B.; Resources, S.T.F,, TH. and EX.B.; Software, T.H.; Supervision, FX.B.; Validation,
S.T.F. and T.H.; Visualization, S.T.F.; Writing—original draft, S.T.F; Writing—review & editing, T.H.
and FX.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the “MINT-Lehramt PLUS” program of the “Elitenetzwerk
Bayern” (5-NW-2015-316).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Bavarian Ministry for Education (IV.7-
BO5106/188/17) on 30 April 2019.

Informed Consent Statement: Written informed consent was obtained from all subjects or legal
guardians.

Data Availability Statement: Data cannot be shared publicly because of the Bavarian Ministry for
Education’s guidelines regarding data of underaged participants.

Conflicts of Interest: The authors have no financial or proprietary interests in any material discussed
in this article.

References

1. Schmidt-Traub, G.; Kroll, C.; Teksoz, K.; Durand-Delacre, D.; Sachs, ].D. National baselines for the Sustainable Development
Goals assessed in the SDG Index and Dashboards. Nat. Geosci. 2017, 10, 547-555. [CrossRef]

2. Sachs, J.; Kroll, C.; Lafortune, G.; Fuller, G.; Woelm, F. The Decade of Action for the Sustainable Development Goals: Sustainable
Development Report 2021; Cambridge UP: Cambridge, UK, 2021.

3. Weinrich, R. Cross-Cultural Comparison between German, French and Dutch Consumer Preferences for Meat Substitutes.
Sustainability 2018, 10, 1819. [CrossRef]

4. Weinrich, R. Opportunities for the Adoption of Health-Based Sustainable Dietary Patterns: A Review on Consumer Research of
Meat Substitutes. Sustainability 2019, 11, 4028. [CrossRef]

5. Burghard, U.; Diitschke, E. Who wants shared mobility? Lessons from early adopters and mainstream drivers on electric
carsharing in Germany. Transp. Res. Part D Transp. Environ. 2019, 71, 96-109. [CrossRef]

6.  Fischer, A.; Arnold, M.G. Tiny Houses as Innovations for the Base of Pyramid Markets in Germany: A Critical Perspective under
the Lens of Sustainability. In Base of the Pyramid Markets in Affluent Countries: Innovation and Challenges to Sustainability, 1st ed.;
Arnold, M.G., Muthuri, ].N., Rueda, X., Gold, S., Eds.; Routledge: London, UK, 2021; pp. 104-139.

7. Krack, K,; Oberholzer, G. Rettet die Bienen«—Das Ergebnis des Bayerischen Volksbegehrens (Teil I von III). Zeitschrift Fiir Geodiisie

Geoinf. Und Landmanag. 2020, 6, 380-384. [CrossRef]


http://doi.org/10.1038/ngeo2985
http://doi.org/10.3390/su10061819
http://doi.org/10.3390/su11154028
http://doi.org/10.1016/j.trd.2018.11.011
http://doi.org/10.12902/zfv-0327-2020

Sustainability 2022, 14, 8330 16 of 18

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

Telli, A.; Erat, S.; Demir, B. Comparison of energy transition of Turkey and Germany: Energy policy, strengths/weaknesses and
targets. Clean Technol. Environ. Policy 2021, 23, 413-427. [CrossRef]

Azarova, V.; Cohen, ].; Friedl, C.; Reichl, J. Designing local renewable energy communities to increase social acceptance: Evidence
from a choice experiment in Austria, Germany, Italy, and Switzerland. Energy Policy 2019, 132, 1176-1183. [CrossRef]

Bengart, P.; Vogt, B. Fuel mix disclosure in Germany—The effect of more transparent information on consumer preferences for
renewable energy. Energy Policy 2021, 150, 112120. [CrossRef]

Liebe, U.; Dobers, G.M. Decomposing public support for energy policy: What drives acceptance of and intentions to protest
against renewable energy expansion in Germany? Energy Res. Soc. Sci. 2019, 47, 247-260. [CrossRef]

Wilson, ].S.; Forister, M.L.; Carril, O.M. Interest exceeds understanding in public support of bee conservation. Front. Ecol. Environ.
2017, 15, 460—-466. [CrossRef]

Rieckmann, M. Education for Sustainable Development Goals: Learning Objectives; UNESCO Publishing: Paris, France, 2017.
UNSD. The Sustainable Development Goals Report 2017; United Nations: New York, NY, USA, 2017.

Singer-Brodowski, M.; Brock, A.; Etzkorn, N.; Otte, I. Monitoring of education for sustainable development in Germany—insights
from early childhood education, school and higher education. Environ. Educ. Res. 2019, 25, 492-507. [CrossRef]

Carr, W.; Kemmis, S. (Eds.) A Critical Approach to Theory and Practice. In Becoming Critical: Education Knowledge and Action
Research; Routledge: London, UK, 2004; pp. 129-154. ISBN 9780203496626.

Dunne, J. An intricate fabric: Understanding the rationality of practice. Pedagog. Cult. Soc. 2005, 13, 367-390. [CrossRef]
Borrego, M. Conceptual Difficulties Experienced by Trained Engineers Learning Educational Research Methods. J. Eng. Educ.
2007, 96, 91-102. [CrossRef]

Grubisi¢, A.; Stankov, S.; Rosi¢, M.; Zitko, B. Controlled experiment replication in evaluation of e-learning system’s educational
influence. Comput. Educ. 2009, 53, 591-602. [CrossRef]

Kyndt, E.; Raes, E.; Lismont, B.; Timmers, F,; Cascallar, E.; Dochy, F. A meta-analysis of the effects of face-to-face cooperative
learning. Do recent studies falsify or verify earlier findings? Educ. Res. Rev. 2013, 10, 133-149. [CrossRef]

Potvin, P.; Hasni, A. Interest, motivation and attitude towards science and technology at K-12 levels: A systematic review of 12
years of educational research. Stud. Sci. Educ. 2014, 50, 85-129. [CrossRef]

Freeman, S.; Eddy, S.L.; McDonough, M.; Smith, M.K.; Okoroafor, N.; Jordt, H.; Wenderoth, M.P. Active learning increases student
performance in science, engineering, and mathematics. Proc. Natl. Acad. Sci. USA 2014, 111, 8410-8415. [CrossRef]

Millara, M.G.; Millar, K.U. The Effects of Direct and Indirect Experience on Affective and Cognitive Responses and the Attitude-
Behavior Relation. J. Exp. Soc. Psychol. 1996, 32, 561-579. [CrossRef]

Wilke, R.R.; Straits, W.]. The effects of discovery learning in a lower-division biology course. Adv. Physiol. Educ. 2001, 25, 134-141.
[CrossRef]

NGSS Lead States. Next Generation Science Standards: For States, By States. Available online: https:/ /www.nextgenscience.org/
(accessed on 20 March 2022).

Semenets-Orlova, I; Teslenko, V.; Dakal, A.; Zadorozhnyi, V.; Marusina, O.; Klochko, A. Distance Learning Technologies and
Innovations in Education for Sustainable Development. Stud. Appl. Econ. 2021, 39. [CrossRef]

Aguliera, E.; Nightengale-Lee, B. Emergency remote teaching across urban and rural contexts: Perspectives on educational equity.
Inf. Learn. Sci. 2020, 121, 471-478. [CrossRef]

Grewenig, E.; Lergetporer, P.; Werner, K.; Woessmann, L.; Zierow, L. COVID-19 and educational inequality: How school closures
affect low- and high-achieving students. Eur. Econ. Rev. 2021, 140, 103920. [CrossRef] [PubMed]

Akgayir, M,; Diindar, H.; Akcayir, G. What makes you a digital native? Is it enough to be born after 1980? Comput. Hum. Behavior.
2016, 60, 435-440. [CrossRef]

Prensky, M. Digital Natives, Digital Immigrants Part 1. On the Horizon 2001, 9, 1-6. [CrossRef]

Lai, K.-W.; Hong, K.-S. Technology use and learning characteristics of students in higher education: Do generational differences
exist? Br. J. Educ. Technol. 2015, 46, 725-738. [CrossRef]

Bennett, S.; Maton, K. Beyond the ‘digital natives” debate: Towards a more nuanced understanding of students’ technology
experiences. |. Comput. Assist. Learn. 2010, 26, 321-331. [CrossRef]

Wilson, M.L.; Hall, J.A.; Mulder, D.]. Assessing digital nativeness in pre-service teachers: Analysis of the Digital Natives
Assessment Scale and implications for practice. J. Res. Technol. Educ. 2020, 54, 249-266. [CrossRef]

Teo, T.; Kabake1 Yurdakul, I; Ursavas, O.F. Exploring the digital natives among pre-service teachers in Turkey: A cross-cultural
validation of the Digital Native Assessment Scale. Interact. Learn. Environ. 2016, 24, 1231-1244. [CrossRef]

Heinz, J. Digital Skills and the Influence of Students” Socio-Economic Background. An Exploratory Study in German Elementary
Schools. Ital. ]. Sociol. Educ. 2016, 8, 186-212. [CrossRef]

Pagani, L.; Argentin, G.; Gui, M.; Stanca, L. The impact of digital skills on educational outcomes: Evidence from performance
tests. Educ. Stud. 2016, 42, 137-162. [CrossRef]

Teo, T. An initial development and validation of a Digital Natives Assessment Scale (DNAS). Comput. Educ. 2013, 67, 51-57.
[CrossRef]

Huang, E; Teo, T.; He, J. Digital nativity of university teachers in China: Factor structure and measurement invariance of the
Digital Native Assessment Scale (DNAS). Interact. Learn. Environ. 2021, 29, 385-399. [CrossRef]


http://doi.org/10.1007/s10098-020-01950-8
http://doi.org/10.1016/j.enpol.2019.06.067
http://doi.org/10.1016/j.enpol.2020.112120
http://doi.org/10.1016/j.erss.2018.09.004
http://doi.org/10.1002/fee.1531
http://doi.org/10.1080/13504622.2018.1440380
http://doi.org/10.1080/14681360500200234
http://doi.org/10.1002/j.2168-9830.2007.tb00920.x
http://doi.org/10.1016/j.compedu.2009.03.014
http://doi.org/10.1016/j.edurev.2013.02.002
http://doi.org/10.1080/03057267.2014.881626
http://doi.org/10.1073/pnas.1319030111
http://doi.org/10.1006/jesp.1996.0025
http://doi.org/10.1152/advances.2001.25.2.62
https://www.nextgenscience.org/
http://doi.org/10.25115/eea.v39i5.5065
http://doi.org/10.1108/ILS-04-2020-0100
http://doi.org/10.1016/j.euroecorev.2021.103920
http://www.ncbi.nlm.nih.gov/pubmed/34602646
http://doi.org/10.1016/j.chb.2016.02.089
http://doi.org/10.1108/10748120110424816
http://doi.org/10.1111/bjet.12161
http://doi.org/10.1111/j.1365-2729.2010.00360.x
http://doi.org/10.1080/15391523.2020.1846146
http://doi.org/10.1080/10494820.2014.980275
http://doi.org/10.14658/pupj-ijse-2016-2-9
http://doi.org/10.1080/03055698.2016.1148588
http://doi.org/10.1016/j.compedu.2013.02.012
http://doi.org/10.1080/10494820.2019.1570278

Sustainability 2022, 14, 8330 17 of 18

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.
65.
66.
67.

Kabakci Yurdakul, I. Modeling the relationship between pre-service teachers’ TPACK and digital nativity. Educ. Technol. Res. Dev.
2018, 66, 267-281. [CrossRef]

Wagner, V.; Acier, D. Factor Structure Evaluation of the French Version of the Digital Natives Assessment Scale. Cyberpsychol.
Behav. Soc. Netw. 2017, 20, 195-201. [CrossRef]

Fraillon, J.; Ainley, J.; Schulz, W.; Friedman, T.; Duckworth, D. (Eds.) Introduction to the IEA International Computer and
Information Literacy Study 2018. In Preparing for Life in a Digital World: IEA International Computer and Information Literacy Study
2018 International Report; Springer International Publishing: Cham, Switzerland, 2020; pp. 1-14. ISBN 978-3-030-38781-5.

Hu, J.; Yu, R. The effects of ICT-based social media on adolescents” digital reading performance: A longitudinal study of PISA
2009, PISA 2012, PISA 2015 and PISA 2018. Comput. Educ. 2021, 175, 104342. [CrossRef]

Nagy, J.; Habok, A. Attitudes and Behaviors Related to Individual and Classroom Practices: An Empirical Study of External and
Internal Factors of ICT Use. Libri 2018, 68, 113-123. [CrossRef]

Schiefele, U. Interests and Learning. In Encyclopedia of the Sciences of Learning; Seel, N.M., Ed.; Springer: Boston, MA, USA, 2012;
pp. 1623-1626. ISBN 978-1-4419-1427-9.

Stockert, A.; Bogner, FX. Cognitive Learning about Waste Management: How Relevance and Interest Influence Long-Term
Knowledge. Educ. Sci. 2020, 10, 102. [CrossRef]

Krapp, A.; Prenzel, M. Research on Interest in Science: Theories, methods, and findings. Int. J. Sci. Educ. 2011, 33, 27-50.
[CrossRef]

Hidi, S.; Renninger, K.A.; Krapp, A. Interest, a motivational variable that combines affective and cognitive functioning. In
Motivation, Emotion, and Cognition: Integrative Perspectives on Intellectual Functioning and Development; Dai, D.Y., Sternberg, R.].,
Eds.; Routledge: New York, NY, USA, 2004; pp. 89-115.

Otto, S.; Korner, F.; Marschke, B.A.; Merten, M.].; Brandt, S.; Sotiriou, S.; Bogner, EX. Deeper learning as integrated knowledge
and fascination for Science. Int. J. Sci. Educ. 2020, 42, 807-834. [CrossRef]

Baierl, T.-M.; Bonine, K.; Johnson, B.; Bogner, F.X. Biosphere 2 as an informal learning platform to assess motivation, fascination,
and cognitive achievement for sustainability. Stud. Educ. Eval. 2021, 70, 101061. [CrossRef]

Schneiderhan-Opel, J.; Bogner, FX. How fascination for biology is associated with students’ learning in a biodiversity citizen
science project. Stud. Educ. Eval. 2020, 66, 100892. [CrossRef]

Lytle, A.; Shin, J.E. Incremental Beliefs, STEM Efficacy and STEM Interest Among First-Year Undergraduate Students. ]. Sci. Educ.
Technol. 2020, 29, 272-281. [CrossRef]

Roberts, T.; Jackson, C.; Mohr-Schroeder, M.J.; Bush, S.B.; Maiorca, C.; Cavalcanti, M.; Craig Schroeder, D.; Delaney, A.; Putnam,
L.; Cremeans, C. Students’ perceptions of STEM learning after participating in a summer informal learning experience. Int. J.
STEM Educ. 2018, 5, 35. [CrossRef] [PubMed]

Arcos-Alonso, A.; Alonso, A.A. Problem-based learning and other active methodologies as support for distance teaching during
the COVID-19 pandemic. Cypriot J. Educ. Sci. 2021, 16, 277-287. [CrossRef]

Fiedler, S.T.; Heyne, T.; Bogner, EX. Explore Your Local Biodiversity—How School Grounds Evoke Visions of Sustainability. Am.
Biol. Teach. 2020, 82, 606—613. [CrossRef]

Fiedler, S.T.; Heyne, T.; Bogner, FEX. COVID-19 and lockdown schooling: How digital learning environments influence semantic
structures and sustainability knowledge. Discov. Sustain. 2021, 2, 1-13. [CrossRef]

Wu, J.-Y.; Nian, M.-W. The dynamics of an online learning community in a hybrid statistics classroom over time: Implications for
the question-oriented problem-solving course design with the social network analysis approach. Comput. Educ. 2021, 166, 104120.
[CrossRef]

Hulleman, C.S.; Harackiewicz, ].M. Promoting interest and performance in high school science classes. Science 2009, 326,
1410-1412. [CrossRef]

Yoder, R.J.; Bobbitt-Zeher, D.; Sawicki, V. Understanding the Use of Student-Centered Teaching Methods in Undergraduate
Chemistry Courses. Res. Sci. Educ. 2021, 51, 845-863. [CrossRef]

Laine, E.; Veermans, M.; Gegenfurtner, A.; Veermans, K. Individual interest and learning in secondary school STEM education.
FLR 2020, 8, 90-108. [CrossRef]

Rotgans, J.I.; Schmidt, H.G. How individual interest influences situational interest and how both are related to knowledge
acquisition: A microanalytical investigation. J. Educ. Res. 2018, 111, 530-540. [CrossRef]

Roscoe, J.T. Fundamental Research Statistics for the Behavioural Sciences, 2nd ed.; Holt Rinehart & Winston: New York, NY, USA,
1975.

Moore, D.S.; Notz, W.I; Flinger, M. The Basic Practice of Statistics, 8th ed.; Macmillan Learning: Boston, MA, USA, 2018.

Livote, E.E.; Wyka, K.E. Introduction to Structural Equation Modeling Using SPSS and AMOS. Niels, J. Blunch. Thousand Oaks,
CA: Sage, 2008, 270 pages, $39.95. Struct. Equ. Modeling A Multidiscip. ]. 2009, 16, 556-560. [CrossRef]

Kline, R.B. Principles and Practice of Structural Equation Modeling; Guilford Press: New York, NY, USA, 2016; ISBN 9781462523368.
Kaiser, H.F. An index of factorial simplicity. Psychometrika 1974, 39, 31-36. [CrossRef]

Bland, ].M.; Altman, D.G. Cronbach’s alpha. BM] 1997, 314, 572. [CrossRef]

Streiner, D.L. Starting at the beginning: An introduction to coefficient alpha and internal consistency. J. Pers. Assess. 2003, 80,
99-103. [CrossRef] [PubMed]


http://doi.org/10.1007/s11423-017-9546-x
http://doi.org/10.1089/cyber.2016.0438
http://doi.org/10.1016/j.compedu.2021.104342
http://doi.org/10.1515/libri-2017-0099
http://doi.org/10.3390/educsci10040102
http://doi.org/10.1080/09500693.2010.518645
http://doi.org/10.1080/09500693.2020.1730476
http://doi.org/10.1016/j.stueduc.2021.101061
http://doi.org/10.1016/j.stueduc.2020.100892
http://doi.org/10.1007/s10956-020-09813-z
http://doi.org/10.1186/s40594-018-0133-4
http://www.ncbi.nlm.nih.gov/pubmed/30631725
http://doi.org/10.18844/cjes.v16i1.5525
http://doi.org/10.1525/abt.2020.82.9.606
http://doi.org/10.1007/s43621-021-00041-y
http://doi.org/10.1016/j.compedu.2020.104120
http://doi.org/10.1126/science.1177067
http://doi.org/10.1007/s11165-019-9820-5
http://doi.org/10.14786/flr.v8i2.461
http://doi.org/10.1080/00220671.2017.1310710
http://doi.org/10.1080/10705510903008345
http://doi.org/10.1007/BF02291575
http://doi.org/10.1136/bmj.314.7080.572
http://doi.org/10.1207/S15327752JPA8001_18
http://www.ncbi.nlm.nih.gov/pubmed/12584072

Sustainability 2022, 14, 8330 18 of 18

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Braun, T.; Dierkes, P. Connecting students to nature—How intensity of nature experience and student age influence the success of
outdoor education programs. Environ. Educ. Res. 2017, 23, 937-949. [CrossRef]

Roczen, N.; Kaiser, F.G.; Bogner, EX.; Wilson, M. A Competence Model for Environmental Education. Environ. Behav. 2014, 46,
972-992. [CrossRef]

Dohn, N.B. Upper Secondary Students’ Situational Interest: A case study of the role of a zoo visit in a biology class. Int. . Sci.
Educ. 2013, 35, 2732-2751. [CrossRef]

Quibell, T.; Charlton, J.; Law, ]. Wilderness Schooling: A controlled trial of the impact of an outdoor education programme on
attainment outcomes in primary school pupils. Br. Educ. Res. ]. 2017, 43, 572-587. [CrossRef]

Senkbeil, M. Development and validation of the ICT motivation scale for young adolescents. Results of the international school
assessment study ICILS 2013 in Germany. Learn. Individ. Differ. 2018, 67, 167-176. [CrossRef]

Dadds, M.R.; Perrin, S.; Yule, W. Social desirability and self-reported anxiety in children: An analysis of the RCMAS Lie scale. J.
Abnorm. Child Psychol. 1998, 26, 311-317. [CrossRef] [PubMed]

Poloski Vokic, N.; Vidovic, M. Managing internal digital publics: What matters is digital age not digital nativity. Public Relat. Rev.
2015, 41, 232-241. [CrossRef]

Naci Coklar, A.; Tatli, A. Examining the Digital Nativity Levels of Digital Generations: From Generation X to Generation, Z.
Education 2021, 9, 433-434. [CrossRef]

Fortunati, L.; Taipale, S.; de Luca, F. Digital generations, but not as we know them. Convergence 2019, 25, 95-112. [CrossRef]
Schonfelder, M.L.; Bogner, EX. Between Science Education and Environmental Education: How Science Motivation Relates to
Environmental Values. Sustainability 2020, 12, 1968. [CrossRef]

Baierl, T.-M.; Johnson, B.; Bogner, F.X. Assessing Environmental Attitudes and Cognitive Achievement within 9 Years of Informal
Earth Education. Sustainability 2021, 13, 3622. [CrossRef]

Liu, C.-Y,; Wu, C.-J.; Wong, W.-K; Lien, Y.-W.; Chao, T.-K. Scientific modeling with mobile devices in high school physics labs.
Comput. Educ. 2017, 105, 44-56. [CrossRef]

Osman, K.; Lay, A.N. MyKimDG module: An interactive platform towards development of twenty-first century skills and
improvement of students” knowledge in chemistry. Interact. Learn. Environ. 2020, 28, 1-14. [CrossRef]

Paulsen, C.A.; Andrews, ].R. Using Screen Time to Promote Green Time: Outdoor STEM Education in OST Settings. Afterschool
Matters 2019, 30, 24-32.

Son, ].S.; Mackenzie, S.H.; Eitel, K.; Luvaas, E. Engaging youth in physical activity and STEM subjects through outdoor adventure
education. J. Outdoor Environ. Educ. 2017, 20, 32—44. [CrossRef]

Sar1, U.; Alict, M,; Sen, O. The Effect of STEM Instruction on Attitude, Career Perception and Career Interest in a Problem-Based
Learning Environment and Student Opinions. Electron. J. Sci. Educ. 2018, 22, 1-21.

Meluso, A.; Zheng, M.; Spires, H.A.; Lester, ]J. Enhancing 5th graders’ science content knowledge and self-efficacy through
game-based learning. Comput. Educ. 2012, 59, 497-504. [CrossRef]

Glowinski, I.; Bayrhuber, H. Student Labs on a University Campus as a Type of Out-of-School Learning Environment: Assessing
the Potential to Promote Students’ Interest in Science. Int. |. Environ. Sci. Educ. 2011, 6, 371-392.

Mohammadyari, S.; Singh, H. Understanding the effect of e-learning on individual performance: The role of digital literacy.
Comput. Educ. 2015, 82, 11-25. [CrossRef]

Taub, M.,; Sawyer, R.; Smith, A.; Rowe, J.; Azevedo, R.; Lester, J. The agency effect: The impact of student agency on learning,
emotions, and problem-solving behaviors in a game-based learning environment. Comput. Educ. 2020, 147, 103781. [CrossRef]
Chatterjee, S. Regression Analysis by Example, 5th ed.; John Wiley & Sons Incorporated: Somerset, UK, 2012; ISBN 9781118456248.


http://doi.org/10.1080/13504622.2016.1214866
http://doi.org/10.1177/0013916513492416
http://doi.org/10.1080/09500693.2011.628712
http://doi.org/10.1002/berj.3273
http://doi.org/10.1016/j.lindif.2018.08.007
http://doi.org/10.1023/A:1022610702439
http://www.ncbi.nlm.nih.gov/pubmed/9700522
http://doi.org/10.1016/j.pubrev.2014.12.004
http://doi.org/10.34293/education.v9i4.4224
http://doi.org/10.1177/1354856517692309
http://doi.org/10.3390/su12051968
http://doi.org/10.3390/su13073622
http://doi.org/10.1016/j.compedu.2016.11.004
http://doi.org/10.1080/10494820.2020.1729208
http://doi.org/10.1007/BF03401012
http://doi.org/10.1016/j.compedu.2011.12.019
http://doi.org/10.1016/j.compedu.2014.10.025
http://doi.org/10.1016/j.compedu.2019.103781

	Introduction 
	Impact of Distance Education on ESE Learning Outcome 
	Impact of Digital Preferences on ESE Learning Outcome 
	Impact of Interest on ESE Learning Outcome 
	Importance of the Study and Research Goals 

	Materials and Methods 
	Participants and Intervention Design 
	Instruments and Data Collection 
	Data Analysis 

	Results 
	Digital Nativity Assessment Scale 
	Fascination with Biology 
	DNAS, FBio and Knowledge Levels 

	Discussion 
	Assessment of DNAS Values 
	Analysis of FBio Values 
	Influence of Digital Preferences and Fascination Levels on Knowledge Gains 

	Limitations 
	Conclusions 
	References

