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Unlocking green minds: role of
attitudes in Edu-escape games

Juliane Fleissner-Martin*, Tessa-Marie Baierl, Jurgen Paul and
Franz X. Bogner

Centre for Mathematics and Science Education (Z-MNU), Department of Biology and Chemistry
Education, University of Bayreuth, Bayreuth, Germany

Environmental challenges are integral to syllabi to promote pro-environmental
behaviors. This study investigated the role of attitudes and their potential to be
influenced through an in-class escape game on forest ecosystems and sustain-
ability. The intervention aimed to offset the challenge of incorporating extensive
outdoor activities into school life. We assessed 393 8th-graders’ attitudes toward
nature, environmental attitudes, and knowledge before, immediately after, and
6—-9 weeks post-intervention. Stronger initial attitudes correlated with greater
and retained knowledge gains. However, the intervention did not alter attitude
scores, possibly due to its short duration (4 lessons) or indoor setting, as outdoor
activities may better enhance “green” attitudes, aiding knowledge acquisition and
nature protective behavior. While the in-class game could not replace outdoor
activities in fostering green attitudes, it serves as a resource-efficient comple-
ment. Nevertheless, the crucial role of attitudes on learning found in our study
might take us one step further to unlocking green minds.

KEYWORDS
attitude assessment with adolescents, attitude toward nature, cognitive learning,
environmental attitude, escape game, inclusion of nature in self

1 Introduction

Environmental conservation initiatives play an important role in the syllabus, especially in
the face of current environmental challenges such as climate change, biodiversity loss, and
pollution. Addressing these challenges requires a comprehensive approach focusing on a deep
understanding of and on appreciation for our natural environment so young people persistently
engage in pro-environmental endeavors. The literature shows environmental knowledge as
fundamental but typically insufficient to evoke persistent behavioral changes (Geiger et al.,
2019). While many aspects, such as socioeconomic status (Franzen and Vogl, 2013) or per-
ceived norms (Kollmuss and Agyeman, 2002), either assist or impede personal engagement,
attitudes act as internal motivators in supporting learning about environmental issues and for
pro-environmental engagement (see, e.g., Nisbet et al., 2008; Frantz and Mayer, 2014; Whitburn
et al., 2020).

While there is evidence that attitude toward nature and environmental attitude are critical
for pro-environmental engagement (see, e.g., Kesenheimer and Greitemeyer, 2021), we know
little about both attitude’s relationship in classroom settings and how they can be strengthened
in typical syllabi sceneries. This is particularly true for attitude toward nature, as there is little
research on adolescents (e.g., Barrera-Hernandez et al., 2020; Cheng and Monroe, 2012),
although school settings are the usual platforms to reach many people, and adolescence seems
to be an important period for developing attitudes (Krettenauer, 2017). Much research on
changes in attitudes toward nature has been based on relatively extensive outdoor activities,
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such as multi-day residential environmental education programs,
repeated field excursions over several weeks, or long-term project-
based outdoor learning formats (for summary, see, e.g., Bogner and
Wiseman, 2004; DeVille et al., 2021; Rosa and Collado, 2019; Hu and
Mou, 2025). While such formats are undoubtedly effective, their regu-
lar implementation in everyday school life is not equally feasible
across educational systems. In some countries (e.g., Nordic countries;
Remmen and Iversen, 2023), regular outdoor schooling is structurally
embedded, whereas in other contexts logistical constraints, curricu-
lum pressure, safety regulations, limited access to natural environ-
ments, or organizational effort restrict the possibility of implementing
longer-term or repeated outdoor programs (Oberle et al., 2021; Waite,
2020). Therefore, complementary classroom-based approaches that
provide theoretical grounding and preparatory engagement with envi-
ronmental topics remain relevant. In this regard, our self-guided
escape game may serve either as preparation for out-of-school inter-
ventions or, where such interventions are not (yet) feasible, as a stand-
alone in-class alternative.

Our research focused on learning more about promoting students’
attitudes toward nature in school settings. This refers to attitude
toward nature’s role in learning and whether a student-centered in-
class learning module could improve students’ attitudes. While the
positive effects of environmental attitude and environmental knowl-
edge on environmental behavior are well documented (e.g., Liu et al.,
2020; Kaiser et al., 2007) there is limited research on attitude toward
nature on adolescents (see, e.g., Barrera-Hernandez et al., 2020).
Therefore, this paper aims to fill this gap in the literature by investigat-
ing the role of the attitude toward nature in learning, with a specific
focus on its assessment in adolescents.

1.1 Environmental attitude’s and attitude
toward nature’s roles in learning and
pro-environmental engagement

Both—environmental attitude and attitude toward nature—are
motivational drivers for persistent pro-environmental engagement
(Taube and Vetter, 2019). Environmental attitude reflects people’s pro-
pensity and commitment to engage in nature conservation or preser-
vation (see, e.g., Kaiser et al., 2010; Kaiser et al., 2007). Attitude toward
nature, on the other hand, reflects people’s propensity to appreciate
and enjoy nature, shown in contemplative outdoor activities such as
stargazing, outdoor sports such as hiking, or other restorative activi-
ties in natural environments. In this regard, attitude toward nature is
also labeled as people’s relatedness with nature (Zelenski and Nisbet,
2014) or their environmental identity (Clayton, 2003), resonating with
people’s perceived interconnectedness with nature (Schultz, 2002).

If people appreciate nature, we would presume that they are more
likely to care for it. Literature shows that the stronger a person’s atti-
tude toward nature, the more they engaged in pro-environmental
behaviors (see, e.g., Frantz and Mayer, 2014; Markowitz et al., 2012;
Whitburn et al., 2020). As such, we can expect people with positive
attitudes toward nature to be more committed to its conservation and
preservation, which would show in more positive environmental atti-
tudes. A recent study pointed to a causal relationship between both
attitudes: Environmental attitude indeed mediated attitude toward
nature’s effect on environmental knowledge levels (Baierl et al., 2024).
It indicates that attitude toward nature is a predecessor of environ-
mental attitude. The stronger a person’s attitude toward nature, the
stronger their environmental attitude, and the stronger we can expect
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their knowledge about the environment and their pro-environmental
engagement to be.

Attitude toward nature has been mostly assessed with adults, and
there is some lack of research on adolescents (Barrera-Hernandez et
al.,, 2020; Cheng and Monroe, 2012). Studies with adolescents would,
however, help derive teaching recommendations for better guidance
toward living more environmentally friendly. This is particularly
important as adolescence is a period of attitude consolidation, decisive
for adult engagement, and classrooms platforms to reach many people
(see Baierl et al., 2022). Therefore, deriving teaching recommenda-
tions for school classrooms would be valuable in guiding people
toward living more sustainably.

1.2 Enhancing attitudes toward nature and
environmental attitudes through
educational approaches

Environmental education and Education for Sustainable
Development play a role in cultivating learners’ “dynamic qualities”
(Posch, 1991, p. 11), enabling them to critically analyze, construct, and
take action with a high level of autonomy and self-determination.
Effective education equips learners with the skills to navigate uncer-
tainty, ambiguous situations, and conflicting divergent norms, values,
interests, and perspectives. Besides this foundation, it is important to
consider how a positive attitude toward nature can significantly
enhance learning and pro-environmental engagement. Numerous
studies over the past years have shown that outdoor environmental
education programs positively impact environmental knowledge and
attitudes (e.g., Olivos et al., 2013; Lieflander et al., 2012; Schmitz and
Rocha, 2018). Long-term outdoor engagement is, however, resource-
intensive and challenging to align with regular school curricula.
Therefore, it is reasonable to define supportive factors in a classroom
setting. Educational escape games give some hope due to connecting
interactive simulation activities with learning through puzzles and
challenges.

Such educational escape games have gained popularity and been
utilized as training resources for their interactive learning features.
The game-based elements enhance students’ learning motivation and
problem-solving skills (Borrego et al., 2017; Huang et al., 2020). Other
studies show that pro-environmental engagement can be promoted
through action-oriented learning, e.g.: The opportunity to make deci-
sions and act (digitally) within a simulation game allowed students to
experience immediate feedback and self-efficacy, which supports pro-
environmental behavior (Muenz et al., 2023). A study by Parker and
Welch (2021) has shown that escape room exercises in simulations can
decrease student anxiety and improve learning outcomes by enhanc-
ing teamwork, communication skills, and familiarity with simulation
environments. Further, by implementing the tasks and contents into
a captivating story, students can get emotionally involved, probably
leading to better learning outcomes and triggering changes in their
attitudes or behavior. Consequently, these benefits could make escape
games a feasible addition in environmental education initiatives in
relation to resource-intense outdoor sessions and, consequently, for
our study.

Building on this, we conceptualize the escape game as a structured
learning environment in which specific design features activate dis-
tinct psychological and pedagogical mechanisms. Storyline and
immersive representation can foster situational interest and affective
engagement, thereby supporting intrinsic motivation and flow
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experiences (Krath et al., 2021), while puzzles and feedback loops pro-
vide immediate performance information and scaffold competence
development, both of which are central drivers of motivational and
cognitive outcomes (De Freitas, 2018). Moreover, collaborative chal-
lenges and guided facilitation (e.g., structured briefing and debriefing)
can promote relatedness, reflection, and the transfer of knowledge and
attitudes to real-world sustainability contexts (Ahmadov et al., 2025;
Freese and Lukosch, 2025), thus offering a theoretically grounded
pathway from game mechanics to environmental attitude change and
knowledge retention.

1.3 Research goals

Given attitude toward nature’s presumed vital role in cognitive
learning, we focused on its assessment, its role in learning, and on
monitoring supporting factors. Related studies have been mostly con-
centrating on adult samples. However, as adolescence seems to be a
period of attitude consolidation, schools have the potential to act as
platforms to guide them toward a more environmentally friendly life-
style. Based on the Campbell paradigm (Campbell, 1963) and prior
findings suggesting that environmental attitudes are associated with
learning-related variables, the present study pursued to answer the
following research questions:

1 Does the Rasch-calibrated attitude instrument demonstrate
satisfactory psychometric properties (e.g., model fit, reliabil-
ity) within the present adolescent cohort?

Will the students with higher initial levels of attitude toward
nature show higher cognitive learning outcomes in the inter-
vention context?

Is the in-class intervention associated with a measurable
change in attitude toward nature, consistent with the assump-
tion that structured engagement can support attitudinal
development?

By examining these questions, we aim to clarify the role of envi-
ronmental attitudes in learning within feasible classroom-based inter-
ventions that may prepare for or compensate for extensive outdoor
education.

2 Materials and methods
2.1 Participants and procedure

+

In this study, 393 8th-graders (M, = SD = 13.91 + 1.20 years;
53.6% female; 43.5% male) from college preparatory secondary insti-
tutions (“Gymnasium”) in Bavaria, Germany, participated. The cohort
encompassed schools from diverse localities spanning metropolitan

10.3389/feduc.2026.1766028

and rural regions. School heads and teachers decided to participate in
the study, and legal guardians gave their written consent for student
participation.

The educational modules were derived from escape games and
implemented in four flexible instructional sessions, either as single
blocks or across two double sessions. In collaborative, self-regulated
learning groups of 3-4, students engaged in a variety of problem-
solving tasks, including experiments, analyzing data and texts related
to the forest ecosystem and sustainability issues in ways that the stu-
dents had to integrate their knowledge and apply critical thinking
skills. The educational content addressed topics such as understanding
the forest as an ecosystem, its layers, species knowledge of forest trees,
succession and deadwood, paper production and recycling, the indi-
vidual ecological footprint, the three pillars model of sustainability,
protective functions of the forest, and pollution issues. Progress
through the modules required correctly completing tasks to unlock
subsequent challenges, ensuring that all group members contributed
actively to the learning process. Teachers monitored group dynamics
and provided support when needed. The final reflection and discus-
sion of the sessions encouraged students to connect their experiences
with the ecological and sustainability concepts, fostering active learn-
ing, critical thinking and metacognitive skills (for further detailed
information on the educational intervention, see Fleissner-Martin and
Bogner, 2024).

2.2 Measures

The measures covered environmental knowledge, environmental
attitude, attitude toward nature, and inclusion of nature in self. While
environmental knowledge was assessed thrice, i.e., up to 2 weeks
before the learning module (T1), immediately after the module (T2),
and about 6-9 weeks after the module as a follow-up evaluation (T3),
attitudes and inclusion of nature in self were assessed twice, i.e., before
(T1) and 6-9 weeks after the learning module (T3) (see Figure 1). The
retention test (T3) was conducted approximately 6-9 weeks after pro-
gram completion, with the exact timing influenced by organizational
constraints (e.g., school holidays). This slight variation in the follow-
up interval may have attenuated detectable changes. While precise
timing for each student was not available, future studies could include
the number of days between T2 and T3 as a covariate to account for
potential variability in follow-up duration.

All items were assessed through a digitized, anonymized question-
naire. Environmental knowledge comprised 25 multiple-choice que-
ries with one correct option among three distractors, spanning
ecosystem facts, eco-friendly behaviors, and the impact of various
technologies (for more information on the items, see Fleissner-Martin
et al., 2023). The items were analyzed using a dichotomous Rasch
model (see Rasch, 1980), yielding knowledge scores between —2.33
and 3.60 logits (M = 0.69, SD = 0.94), where logits reflect the natural
log odds of providing correct versus incorrect responses. Higher logits

up to 2 weeks

Pre-test
(KN T1, AN, EA, INS)

Students

FIGURE 1

of nature in self).

Intervention

£

immediately

after 6-9 weeks

Post-test Retention-test

(KN T2) (KN T3, AN, EA, INS)

Study design including the timeframe of the evaluation (N = 393; KN, knowledge; AN, attitude toward nature; EA, environmental attitude; INS, inclusion
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indicate stronger knowledge levels. The scale demonstrated an ade-
quate separation reliability (rel. = 0.72) and mean square values
weighted by the item variance (MS,) ranged from 0.83 to 1.24, sug-
gesting a robust measure for differentiating individuals’ environmental
knowledge scores (see also Fleissner-Martin et al., 2023).

To measure environmental attitude, an individual’s propensity to
employed 30
Supplementary Table 1) originally derived from two established envi-

protect the environment, we items (see
ronmental attitude measures. This compilation of items has been pre-
viously validated in its current form by Baierl et al. (2022). The
participants responded to these items using two response scales: a
5-point frequency scale ranging from 1, indicating “never,” to 5, denot-
ing “always,” or a 5-point response pattern where 1 represented
“strongly disagree” and 5 “strongly agree” 13 items were negatively
formulated, signaling an absence of inclination toward environmental
protection, and reverse-coded prior to analysis. The ACERQuest soft-
ware (Adams and Khoo, 1996) was utilized to administer a basic
Rasch model for binary items across all assessment periods, evaluating
the integrity of the scale. Therefore, we had to convert all items into a
dichotomous format. Answers corresponding to “never,” “seldom,”
“occasionally;” along with “strongly disagree,” “disagree,” or “neutral/
unsure” denoted a diminished propensity for environmental conser-

»

vation and were coded as 0. In contrast, “often,” “always,” as well as
“agree” and “strongly agree” indicated a favorable disposition toward
protecting the environment and were thus coded as 1. A notable sepa-
ration reliability coefficient (rel. = 0.78) suggested that the scale rea-
sonably distinguished between the participants. The fit indices,
demonstrating the extent of congruence between the Rasch model
prediction and empirical response pattern, yielded similarly satisfac-
tory results with MS,, values ranging from 0.87 to 1.19 (Bond and Fox,
2007). Person scores (i.e., logits) ranged between —3.92 and 3.35
(M =0.03; SD = 0.95). In this context, logits are understood as the
natural logarithmic conversion of the ratio between environmentally
protective responses and those that are not. Logit values carry a posi-
tive directionality, with higher positive values corresponding with a
stronger environmental attitude (see Supplementary Figure 1).
Attitude toward nature was captured with 45 self-reported items
(see Supplementary Table 2) related to using natural environments for
restoration and recreation. Those items stem from Baierl et al. (2024),
who had merged two established measurement tools (Briigger et al.,
2011; Bogner and Wiseman, 2004) for a flexible item pool to assess
attitude toward nature among adolescents. Within their modification,
some items were adapted for broader use for instance, instead of “As
a child, I spent time in the woods” it says “As a child, I spent time
outdoors.” All polytomous items were answered using a 5-point scale
that measured frequency (1 = “never” to 5 = “always”) or agreement
(1 = “strongly disagree” to 5 = “strongly agree”). Dichotomous items
required a straightforward “yes” (1) or “no” (0) response, with a “not
applicable” option recorded as 0. The four negatively framed items
were recalibrated in reverse for the analysis. To mitigate potential
measurement error, polytomous items were again transformed into a
dichotomous format, coding responses indicative of less engagement

» <«

with nature (e.g., “never,

» <« » <«

seldom,” “occasionally;,” “strongly disagree,”

“disagree,” “neutral/unsure”) as 0 and more positive engagement (e.g.,

» o« » «

“often,” “always,” “agree;” “strongly agree”) as 1. We again used the
dichotomous Rasch model, which revealed a good separation reli-
ability coefficient (rel. = 0.86), evidencing suitable discrimination
capability among subjects (see Supplementary Figure 2). Item fit indi-

ces were within an appropriate range, with MS, values for item
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variance between 0.83 and 1.16 (Bond and Fox, 2007). Person param-
eters (i.e., logits) ranged from —4.41 to 2.80 (M = —0.57; SD = 1.02).

Lastly, we employed the Inclusion of Nature in Self Scale devel-
oped by Schultz et al. (2002), a one-item scale to assess the partici-
pants’ perceived connectedness with nature. The scale consists of
seven sets of two approaching circles indicating the ‘self” and ‘nature.
The closer the circles or the stronger their overlap, the more connected
the students perceived to be with nature, where 0 indicates little and 7
indicates a tight connection with nature.

3 Results

Our results are presented in three sections: We first tested the atti-
tude toward nature measurement to assure its validity in our chosen
age group. Secondly, we investigated attitude toward nature’s and envi-
ronmental attitude’s roles in learning about the environment and sus-
tainability-related behaviors. Third, we monitored the 4-h in-class
educational intervention regarding its potential to affect attitude scores.

3.1 Calibrating attitude toward nature with
adolescents

Calibrating the attitude toward nature pool for adolescents
revealed good fit indices, i.e., a strong reliability score and overall good
MS,-values (see Measures, and for fit indices references, Bond and
Fox, 2007). Based on those good fit indices and with up to four items
capturing the same item difficulty, we were interested in a reduced
item set that requires less time for students to complete. So, for more
practicability (i.e., shorter questionnaires), we cut the 45-item pool to
25 items, so each behavioral cost is represented only once. The short-
ened version still revealed a fair reliability score (rel. = 0.76) with mean
square values weighted by the item variance that fell between 0.88 and
1.12 (M = 0.99, SD = 0.06). Person parameters ranged from —3.91 to
3.08 logits, and item difficulties, i.e., behavioral costs, ranged from
—2.42 to 2.18 logits. The logit person parameters of the original and
abbreviated version showed strong correlations between the pre-test
scores (r=0.943, p <0.001) and the retention scores (r=0.949,
P <0.001), indicating that the abbreviated version did not compromise
person score information (see Supplementary Table 2 for further fit
indices comparing the original and abbreviated version).

3.2 Attitude toward nature’s role in learning

The correlation pattern of both attitudes and inclusion of nature
in self with the three knowledge test points is shown in Table 1. Note
that the correlations of both attitudes with the students’ pre- and
retention knowledge scores were larger than those with post-program
knowledge scores. The same was true for the inclusion of nature in self
scale. Correspondingly, the correlation between attitudes and knowl-
edge changes between the pre- and retention test was significant. At
the same time, it was insignificant between the pre- and post-test or
the post- and retention test. As such, the correlation of pre-knowledge
scores with retention-knowledge scores was also higher than with
post-program scores.

Additionally, the correlation between environmental attitude and
attitude toward nature (r = 0.473, p < 0.001; see also Mayer and Frantz,
2004) and a tighter relationship between the inclusion of nature in self

frontiersin.org


https://doi.org/10.3389/feduc.2026.1766028
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Fleissner-Martin et al. 10.3389/feduc.2026.1766028

c scale and attitude toward nature (r = 0.470, p < 0.001) than with envi-
% & ronmental attitude (r = 0.316, p < 0.001), speaks of the scale’s validity.
g gl

> @ 28 2T QY q E S/g % g In line with those correlations, the connection between attitude and
£ - S - Q - q 3}

z g S S S s|88 7 T T ST knowledge scores became tighter in the retention test for environmental
£ ~ attitude (r=0.488, p<0.001) and with overall knowledge gains
e (between the pre- and retention test: r = 0.262, p < 0.001). The same pat-
3 2 tern becomes apparent for attitude toward nature and knowledge scores
2 3 2 .2 Llg e g . § Z xS in the retention test (r = 0.259, p < 0.001) and with overall knowledge
9] = S 4 418 3 i S S . . T

g g S s =38/ ¢%¢ S < gains (pre- and retention test: r = 0.140, p < 0.001), indicating a trend of
:_E g stronger attitude scores aligning with knowledge gains and retains.

5 In the next step, regression analyses were applied to investigate both
'.% o attitude’s effects on knowledge scores. Attitude toward nature [F(1,
2 = - 391) =20.29, p < 0.001, R* = 0.05; # = 0.22] and environmental attitude
£ % 24 38 84 48 g 28 8 [F(1,391) = 90.40, p < 0.001, R* = 0.19; # = 0.43] significantly impacted
i 5 S 9 =} =} =}

§ o ° D TV Vv evw the knowledge scores student retained, though the effect of environmen-
g x tal attitude appears considerably stronger, which is in line with previous
= research (e.g., Baierl et al., 2022). Since we are particularly interested in
= & attitude toward nature’s role in learning, we further analyzed its effect on
Q

g B 22 88 28 82|88 knowledge gains (i.e., retention scores minus pre-knowledge scores).
E Aol N N d n 13 -~

g % s 9| 9| 9|9 9 The effect of attitude toward nature on knowledge gains [F(1,
g g 387) =7.67, p = 0.006, R? = 0.02; § = 0.14] is visualized in Figure 2.

£ Based on both attitudes’ positive effect on either knowledge levels or
o o)

5 5} gains and based on environmental attitude’s indicated mediating effect
% 9 2 g 2 § 5 g x g _ (see Baierl et al., 2024), we conducted a mediation test in line with Baron
£ % s V| 9|7 and Kenny (1986) to learn more about their relationship in the learning
o -

2 < 2 process. As such, we first investigated attitude toward natures effect on
3 - 2 knowledge gains [Path ¢; b= 0.08, 95% CI (0.01, 0.17), # = 0.10]. We
é o z  thenlooked at path a, which is attitude toward nature’s impact on envi-
o b~ I~ = S .

< % § § N § g § - 5 ronmental attitude [b = 0.41, 95% CI (0.34, 0.49), # = 0.47], and path b,
£ ) R I I & which is environmental attitude’s effect on knowledge gains [b = 0.13,
E x § 95% CI (0.02, 0.23), = 0.13]. Once we added the mediator, attitude
§ 5 EO toward nature’s effect on knowledge gains turned insignificant [path c;
g c = 2 b=0.04,95% CI (=0.06,0.13), § = 0.04] (see Figure 3).

5 oo 2 28 8 Ei

N ¢ S S EEIREIR 2 i

52 v v g 3.3 Program effects on attitude toward

[ < £ nature and environmental attitude

< 2

S B 2

2 B - = = Analyses of changes in attitude toward nature, environmental atti-
£ 5 =3 >

T 5 g g E S|~ = tude, and inclusion of nature in self scores indicated a statistically
Ty z8 ! ;; significant decrease in attitude toward nature scores between the pre-
;3“ g % test and the retention test, with a mean difference of —0.142
3: B £ (SD=0.821, SEM = 0.042), £(387) = —3.408, p < 0.001, d = —0.173
g i B L “Zs (see Table 2 for additional data). Although there was a significant
% é g 3 - & decrease, the effect is negligible due to Cohen’s d being smaller than
. ° = S 0.2.The same was observed for the inclusion of nature in self scores,
¢ 5 S % with a mean difference of —0.140 (SD=1.078, SEM = 0.054),
L g s 1(392) = —2.574, p = 0.010, d = —0.130. There was no change in envi-
g £ [P é ronmental attitude scores [mean difference of —0.050 (SD = 0.728,
Rl - ° 2 T SEM=0.037), (391) = —1.364, p = 0.173, d = —0.069].

-l 0= 3 z

{‘:j % E“; '.qc-; § [ - Y s~ oAl v oA - oa, ~ o, E

g 3 [ = >4

i1 ISEE ;

52 33 = 4 Discussion

£ s O <

F E i i i

5 I = 4.1 Assessing attitude toward nature with

i BB ¢ adolescents

52 7] — ~ ™ £

S5 IS g g £ g

N O = 2 &2 & &g g & he complete 45-i I yielded favorable fit indi

4 g a < é & & & i} As the complete 45-item pool yielded favorable fit indices, strong
£ 8 S reliability scores, and overall satisfactory MS,-values, the scale’s

Frontiers in Education 05 frontiersin.org


https://doi.org/10.3389/feduc.2026.1766028
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Fleissner-Martin et al. 10.3389/feduc.2026.1766028

4 3 2 -1 0 1 2
1.5
1

£

) 0.5

(]

N

he)

5

=

é 0
0.5
-1

Attitude toward nature

FIGURE 2

Attitude toward nature’s effect on knowledge gains, i.e., the difference between the retention knowledge scores and the knowledge scores before the
educational intervention; the dashed line shows the trend line, while the solid lines reflect the effective confidence intervals. The more positive the
students’ attitude toward nature was, the more knowledge they gained.
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FIGURE 3
Attitude toward nature's role in learning about environmental issues; with environmental attitude as a mediator, the effect of attitude toward nature on
the students’ knowledge gains (i.e., retention scores minus pre-scores) turned insignificant.

TABLE 2 Pre- and retention test mean scores, sample sizes, standard deviation, and standard error of mean for all attitudes.

Attitude scale Testing point M N SD SEM
Inclusion of nature in self Pre 4.14 393 1.239 0.062
Retention 4.00 393 1.254 0.063
Attitude toward nature Pre —0.4920 388 1.01427 0.05149
Retention —0.6340 388 1.02989 0.05228
Environmental attitude Pre 0.0601 392 0.88298 0.04460
Retention 0.0099 392 1.00222 0.05062

appropriateness with adolescents is proven. However, the extensive  (Eisele et al., 2022). Additionally, with lengthy questionnaires, items
number of items is time-consuming for the collaborating teaching  toward the end tend to be responded to with less consideration than
staff and runs the risk of participants completing them insufficiently = those at the beginning (Galesic and Bosnjak, 2009). Long
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questionnaires may thus compromise the data quality. Consequently,
we investigated the adequacy of a reduced item set from the proposed
measurement pool. Subsequent analysis of the shortened 25 item-
version indicated similarly satisfactory fit values, and the scale could
still differentiate well among the participants. This suggests that the
item pool is a reliable proxy for assessing adolescents™ attitudes
toward nature. In conclusion, refining the item pool to 25 items
maintained the reliability and validity of the complete item pool for
adolescents, and further reductions appear promising. Streamlining
the scale through item reduction could enhance its practicality and
applicability without compromising the data quality. This may
encourage researchers to carefully select fewer but relevant items for
their specific study cohort, considering item difficulties and fit values
to ensure accurate and valid findings. As such, the item pool allows
flexibility for the items to match the cohort (i.e., culturally and geo-
graphically) while maintaining interstudy comparability.

4.2 The impact of attitude toward nature,
environmental attitude, and inclusion of
nature in self on students’ learning

Secondly, we investigated the influence of attitude toward nature,
environmental attitude, and inclusion of nature in self on the stu-
dents’ environmental knowledge scores and gains. Our study revealed
overall positive correlations between individuals’ attitudes and the
levels of environmental knowledge they previously had, acquired, and
retained. The correlations of attitude toward nature, environmental
attitude, and the inclusion of nature in the self-scale were most prom-
inent with long-term knowledge scores, indicating that those with
more positive attitudes could acquire long-term knowledge. It sug-
gests that those with positive attitudes were indeed more committed
to nature protection and conservation, reflected by their probably
deeper engagement in and out of class.

This is particularly true for environmental attitude: Those with
more positive environmental attitude scores knew more about the topic
before the intervention and gained more knowledge in the long run. In
contrast, the relationship with post-program knowledge scores is less
tight (for similar results on a similar intervention, see Baierl and
Bogner, 2024). This indicates that those with a more positive attitude
engaged more in the topic before the intervention and the learning
activities. It resonates with previous findings that those with more posi-
tive attitudes are more likely to take learning opportunities and to
engage more rigorously in the learning opportunities given, which is
reflected by a tighter connection with pre- and retention-knowledge
scores and with long-term knowledge gains (Baierl et al., 2022). Those
with less positive attitudes gained mostly only short-term knowledge
(i.e., knowledge scores right after the intervention), probably less com-
mitted to the topic, and rather inclined with baseline classroom
instructions (see also Baierl and Bogner, 2024).

In addition to cognitive factors, such as intelligence, diverse
aspects influence learning and play a role in academic achievement
(Weber et al., 2013), such as earning teachers’ recognition or gaining
peer admiration (Urdan and Maehr, 1995). However, the students’
environmental attitudes may also serve as a critical determinant, not
only spurring their actions toward environmental preservation
(Taube and Vetter, 2019) but also influencing their active pursuit of
new learning opportunities (Taube et al., 2021) and their deep
engagement with environmental conservation initiatives (Henn et al.,
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2019). Consequently, differences in the intensity of students’ learning
efforts logically lead to variations in their knowledge levels, even
within the same instructional environment. The association of atti-
tudes and knowledge levels emphasizes the vital role of positive atti-
tudes in enhancing the effectiveness of environmental education
efforts. Our results point to the importance of cultivating favorable
attitudes toward nature and the environment to foster a more pro-
found understanding and acquisition of environmental knowledge
among students. After all, besides other factors such as socioeco-
nomic status (Franzen and Vogl, 2013), attitudes are more likely to be
affected through classroom teaching.

Our research further elaborated on attitude toward nature’s foun-
dational role in shaping environmental attitude and, consequently,
cognitive learning. Previous research revealed environmental atti-
tude’s mediating effect in learning: While attitude toward nature posi-
tively affects the student’s long-term knowledge scores, environmental
attitude fully mediates their relationship, rendering attitude toward
nature a predecessor of environmental attitude and learning (Baierl
et al,, 2024). Our findings advance those and demonstrate environ-
mental attitude’s mediating effect on the student’s knowledge
retention.

Kaiser et al. (2014) described a mutual connection between atti-
tude toward nature and environmental attitude. They observed these
attitudes to be quite stable, noting that if any changes occurred, they
were likely to increase simultaneously. Our results support the connec-
tion between individuals’ attitude levels and receptiveness to environ-
mental concepts and learning experiences; attitudes appear to act as a
fundament for learning success. Consequently, developing educational
approaches that strengthen attitudes becomes decisive, e.g., by integrat-
ing nature-based elements (Collado et al., 2020; Genc et al., 2018),
outdoor learning opportunities (Rios and Brewer, 2014), and experi-
ential activities. Embedding these approaches within curricular recom-
mendations and educational initiatives could yield substantial benefits
in promoting environmental consciousness and fostering sustainable
behaviors.

4.3 The interventions' effects on students’
attitude toward nature, environmental
attitude, and inclusion of nature in self

Lastly, we examined the impact of our interventions on the
levels of attitude toward nature, environmental attitude, and inclu-
sion of nature in self among the participants. Our analysis only
showed negligible differences (all effect sizes d < 0.2; see chapter
3.3) in the students’ attitudes before and after our short-term inter-
ventions. This finding aligns with some existing literature, indicat-
ing that isolated short-term interventions may not be sufficient to
elicit considerable changes in attitude toward nature and environ-
mental attitude (e.g., Bogner and Wiseman, 2004; Lieflinder and
Bogner, 2016). Additional research suggests that long-term engage-
ment with nature-based experiences by integrating education for
sustainable development into regular classroom practices is effec-
tive in fostering lasting attitude changes (Bogner, 1998; Bogner and
Wiseman, 2004; Duerden and Witt, 2010). Additionally, our find-
ings, with the limited impact of short-term interventions, highlight
the need for comprehensive and continuous approaches.
Integrating outdoor interventions into isolated learning units may
not adequately address the complexities of attitude formation and
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behavior change. Instead, it seems imperative to create opportuni-
ties for meaningful encounters with nature and incorporate envi-
ronmental education into various aspects of the curriculum.
Utilizing outdoor educational settings (Genc et al., 2018), engaging
in experience-based learning (Ballantyne and Packer, 2008), and
integrating sustainability principles across subjects might be key to
fostering positive attitudes toward nature and environmental con-
servation among students.

5 Conclusion

Attitudinal preferences influence cognitive learning about sus-
tainability-related issues, producing a clear pattern: The higher a per-
sons attitude level scored, the more knowledge was gained and
retained. Attitude levels apparently act as triggers in the educational
channel. Consequently, schools in general should concentrate on fos-
tering attitudes to enable effective learning, which in the long-range
may lead to favorable behavioral changes toward sustainability.
Unsurprisingly, our short-term in-classroom intervention did not yet
induce significant changes in students’ environmental attitudes,
which underlines the importance of long-term interventions, so to
say, as hidden syllabus in all classroom actions during school life.
With continuous nature-based experiences within sustainable prin-
ciples a realistic chance of being internalized by the students is given.
Eventually, it will lead to facilitate long-lasting shifts in attitudes and
behaviors toward the environment.
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