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Abstract
Promoting sustainable lifestyles through Education for Sustainable Development (ESD) is part of the UN’s Agenda 2030. 
Earlier empirical studies proved direct interactions with and in natural environments to be effective ESD methods. Pan-
demic-related lockdowns rendered such courses nearly impossible, which raised concerns about achieving the Sustain-
able Development Goals (SDGs) in general. To evaluate what young learners know about the concept sustainability so 
far and how it can be taught effectively online, we designed an online learning module tackling sustainability issues and 
compared it with data from an on-site intervention module for Bavarian 5th graders (~ 10 years old). Cognitive learn-
ing as well as attitudinal preferences of 288 learners were monitored in a pretest–posttest design. The learning module 
comprised two sections: One about botany, plant characteristics, and plant families; the other about the advantages 
and disadvantages of traditional as well as sustainable farming methods. The customized cognitive test and semantic 
differentials for sustainability and environmental protection produced three major findings: (1) A digital learning environ-
ment successfully and significantly increased sustainability knowledge (2) Learners clearly distinguished the concepts 
Sustainability and Environmental Protection (3) There is no direct correlation between semantic differential scores and 
learning outcome.

Keywords  Education for sustainable development · Digital learning · Lockdown schooling · Sustainability · Semantic 
differential

1  Introduction

The United Nations’ Agenda 2030 includes 17 Sustainable Development Goals (SDGs) to address global issues such as 
climate change, poverty, and inequality. Education for Sustainable Development (ESD) is a powerful tool for achieving 
the SDGs [1]. After the United Nations Decade of Education for Sustainable Development started in 2005, ESD has been 
implemented in syllabi worldwide. Nevertheless, the Sustainable Development Goals Report 2017, points out that “… the 
rate of progress in many areas is far slower than needed to meet the targets by 2030” [2, p. 4]. Singer-Brodowski et al. 
[3] surveyed the German school system at a national level for ESD elements from 2011 to 2016. They came to the same 
conclusion that efforts to achieve the SDGs should be increased.

Most ESD initiatives are collaborations between outreach environmental centers and schools. The latter rarely take on 
the ESD activities by themselves. Hence, there have been huge differences between individual schools in ESD teaching 
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[3]. Obviously, during lockdown schooling visits to such centers have been impossible. A severe setback in ESD may 
therefore be inevitable and thus failing Agenda 2030 is foreseeable, too.

1.1 � ESD and sustainability

The United Nations defined sustainability as “meeting the needs of the present without compromising the ability of 
future generations to meet their own needs” [4, p. 4]. This rather anthropocentric definition was later modified to include 
economic, ecological, and social implications [5]. Likewise, sustainability knowledge is an interdisciplinary, cross-curricular 
concept [6]. The UK Department for Environment, Transport and Regions (DETR) defines four key elements of sustainable 
development: (1) social progress which recognizes the needs of everyone, (2) effective protection of the environment, 
(3) prudent use of natural resources and (4) maintenance of high and stable levels of economic growth and employment 
[7]. The UN defines ESD as “empower[ing] learners to transform themselves and the society they live in by developing 
knowledge, skills, attitudes, competencies and values” [8, p. 7]. They also highlight the interconnectedness of topics 
such as global citizenship, climate change, and loss of biodiversity. Fully comprehending such topics and their implica-
tions is challenging, especially for young learners. Thus, ESD teaching on primary and secondary levels should focus on 
establishing a solid base of sustainability knowledge before addressing interconnections. The term sustainable itself is 
mostly depicted as synonymous with environmentally friendly [9]. Without proper ESD in school, 5th graders are likely to 
have little to no information about economic and social aspects of sustainability. Thus, young learners are not expected 
to differentiate between these two terms.

H1  5 th graders cannot differentiate between the abstract term sustainability and the more tangible concept of envi-
ronmental protection.

Several studies have demonstrated that environmentally friendly lifestyles depend on three key factors: knowledge, 
values, and behavior [10–12]. More precisely, high environmental knowledge scores positively influence pro-environ-
mental attitudes and behaviors [13, 14]. Consequently, establishing in-depth sustainability knowledge will motivate 
learners to live a more sustainable lifestyle. Keselman et al. [15] describe the discrepancy between the known impact of 
environmentally friendly actions and the potentially more negative effect of environmentally unfriendly behavior. For 
example, people may have basic knowledge about biodiversity loss, yet do not care about it unless a viable threat to 
their lifestyle is revealed, such as shortages in their food supply. Kowasch and Lippe [16] argue that most learners know 
exactly what sustainable behavior means, but manifest binary perceptions of sustainable lifestyles. Thus, ESD knowledge 
should first concentrate on everyday life issues in addressees’ context and then move on to a broader scale to avoid such 
discrepancies. Since young learners have little impact on adult behavior such as buying an e-car or shopping for organic 
groceries, research on this age group should focus on connections between knowledge and attitudes. Generally, a posi-
tive correlation between attitudes and knowledge gain is expected.

H2  Positive attitudinal preferences towards sustainability concepts lead to greater learning progress in an ESD module.

To put more emphasis on ESD, the Bavarian Ministry for Education introduced new issues in the curriculum. Ecosys-
tem Pasture introduces concepts of sustainability and sustainable practices in the fifth grade. It tackles both economic 
and ecological aspects. Learning objectives involve plant growth conditions and the impact of agricultural methods 
on species diversity by contrasting “traditional” farming methods (which focus on the highest yield possible by using 
fertilizers, insecticides, mechanization of labor) and “sustainable” agriculture (which considers the natural fertility of the 
land, local climate, etc.). Sustainable agriculture is considered environmentally friendly. These learning objectives go 
hand in hand with both the UN’s Global EverGreening Alliance, the EU’s Green Deal and the From Farm To Fork initiative [17, 
18]. As regenerative farming is regarded as a good way to start environmental education [19] and fits the target groups’ 
syllabus, it is suitable for this study.

1.2 � Digital learning and ESD

Most research on digital ESD has been conducted in higher education [20–22]; however, vast amounts of data are avail-
able for online STEM teaching. ESD methodology and STEM teaching share certain similarities: according to Ahel and 
Lingenau [23] for example both promote problem-solving and cooperative learning strategies to enable learners to 
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tackle future problems. Studies on digital STEM teaching cover a variety of approaches: comparing synchronous and 
asynchronous approaches, incorporating VR (Virtual Reality) and AR (Augmented Reality) elements, and mobile learning 
with specific apps and games to name just a few [24–27]. Thompson et al. [28] point out that problem-solving skills are 
more difficult to train when taught online. Especially during lockdown schooling, online units rarely used collaborative 
teaching methods, which are essential to ESD [29, 30]. Therefore, less learning progress is expected in an online setting 
in comparison with a traditional, on-site ESD module.

H3  ESD teaching leads to better learning progress when conducted on-site rather than online.

Hodges et al. [31] describe emergency remote teaching as different from well-structured, systematic online learning. 
For example, communication with and feedback by teachers has been sporadic and difficult to obtain, although this 
is an essential part of effective online learning [32]. Recent studies on lockdown schooling confirmed that teachers as 
well as learners need training in handling new technologies and digital tools [33, 34]. In normal situations, studies have 
already investigated the influence of digital learning environments on biology knowledge or environmental attitudes 
[35]. However, these studies were conducted in schools and monitored by a teacher or supervisor. Apart from asynchro-
nous communication via email, digital teaching as part of blended learning or flipped classroom settings usually relies 
on personal interaction as well [36]. This means that learners always had some face-to-face time with their teachers 
besides working on assignments on their own at home. However, lockdown schooling matches elements typical for 
homeschooling: learners receive standardized input and have specific channels to hand in assignments, but the learning 
process happens at home without the supervision of a professional educator [37]. As this study was conducted during 
the first lockdown period, it was designed as asynchronous, with little to no involvement of the teachers.

1.3 � Semantic differential as a technique

Semantic Differentiation (Semantic Differential or Differential Semantics) was originally proposed by Osgood, Suci and 
Tannenbaum [38] in the 1950s as a technique for extracting attitudes toward objects or concepts. The method is now 
universally applicable to measure any term, object, idea, activity, etc. [39–42]. If, for example, methods such as Likert 
scales were used in questionnaires, the questions had to fit the respective topic. It is nearly impossible to compare dif-
ferent sets of questions across different topics. It is, however, possible to analyze the semantic structures of different 
concepts. Thus, Osgood, Suci and Tannenbaum [38] established a universal rating scale based on a standardized set of 
adjectives. A semantic differential (SD) consists of bipolar adjective pairs, which ideally have an antonymic meaning such 
as good – bad. Each set of adjectives is rated on a Likert-type scale. Rosenberg and Navarro [42] recommend eight to 
12 bipolar pairs with seven to nine scaling points. The SD method allows an analysis of both the affective and cognitive 
aspects of the selected concept.

SDs have been used to assess attitudes toward certain topics or objects in a variety of research disciplines, such as 
social studies, economics, marketing, geology, and architecture [43–49]. It is regarded as an effective psychological 
tool for measuring multidimensional traits such as personality, attitude, or communication [50]. It also appears to be a 
promising alternative tool for regular monitoring in schools [51].

Semantic structures and meanings are represented at a multidimensional level as a correlation matrix. This matrix 
represents the semantic space occupied by the rating of a concept. Each concept is represented by a polarity profile 
(see Fig. 3), which can be compared to profiles of other respondents toward the same concept or the profile of the same 
respondent towards other concepts. An initial analysis focuses on the differences between the ratings of binary adjec-
tives. This analysis can also be conducted by comparing the sum scores for each concept. In this study, an SD with a 
seven-point scale and nine binary pairs was used. Thus, the mean score was 31.5. If a respondent’s sum score was below 
that number, their attitude toward the concept can generally be summarized as negative, and vice versa.

Further analysis via factor scoring determines the distance between the ratings. Osgood, Suci and Tannenbaum [38] 
claimed that there are three universal dimensions labeled evaluation, potency, and activity. Through these dimensions, 
each object or concept can be defined and compared using a specific semantic axis. The three dimensions are widely 
recognized, yet their factor analysis is rather difficult because they consist of several subscales [40, 41, 45]. Furthermore, 
critics of a universally applicable SD point out that semantics work differently in cultures and languages [41, 52, 53].
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1.4 � Research questions

Online learning and ESD are essential components of modern teaching scenarios. Thus, this study aims to evaluate the 
current status of young learners in both fields contemporaneously, thereby gaining valuable insights for educators and 
teachers.

1.	 Which learning progress does a online learning environment for botany and sustainable agriculture evoke in com-
parison with an on-site program?

2.	 To what extent can 5th graders differentiate between Sustainability and its subcategory Environmental Protection prior 
to a sustainability module?

3.	 What correlation can be found between knowledge gain in on-site and online teaching modules and attitudinal 
preferences measured with a semantic differential?

2 � Methods and procedures

2.1 � Participants

A total of 288 Bavarian 5th graders (10.8 ± 0.45 years, 41% ♀) were recruited with the help of their teachers and the sup-
port of the Bavarian Ministry of Education. Participation was voluntary. They completed online questionnaires before 
and after and intervention-style unit consisting of two separate modules.

2.2 � Intervention design and sample

The intervention took place in 2019 and 2020. Two different methods were used to teach curriculum-related content in 
botany and sustainable agriculture. The control group (CG, n = 86) completed a one-day on-site intervention, whereas 
the experimental group (EG, n = 202) completed an online asynchronous learning module over the course of two weeks. 
Both groups received a guidebook referred to as researcher diary with tasks either based on information on-site or with 
links to learning platforms (e.g., Prezi) with customized information.

The first part of the learning unit focused on botanical terms and the categorization of plants. Learners learned to 
distinguish different plant families for instance by flower shape. Besides characterizing several given plants, they also had 
to go outside and find an unknown plant on their own. The module continued with prerequisites for ideal plant growth. 
Learners received input about the location factors humidity, temperature, and sunlight. On-site learners were equipped 
with different measuring tools. Online learners were instructed to build a DIY (do-it-yourself ) rain gauge to monitor the 
humidity of their backyard. The second part continued with growth factors in the context of species diversity. Learn-
ers had to gather information about the three location factors in their area, compare them to a given list of plants and 
select possible new plants to hypothetically plant in their location. Learners were then confronted with the question of 
why species diversity is a desirable thing in the first place. Among other sources, three expert videos (traditional farmer, 
sustainable farmer, local politician) with information about traditional and sustainable agriculture were provided. A 
concluding DIY task was to create a poster of the pros and cons for more sustainable farming in their area. If possible, 
these posters were presented in class.

2.3 � Test design and instruments

Two Semantic Differentials (SD) with nine bipolar pairs and seven scale points were used to assess learners’ attitudes and 
emotions towards sustainability (see Table 2). The antonyms were partially literature-based and partially expert-selected 
to suit the target group [42]. See Table 2 for all nine adjective pairs. There was no retest for the SD because previous 
research has shown that affective dimensions do not change over such a short period [54, 55].

Knowledge levels were monitored through a customized multiple-choice test comprised of 17 items. The items cover 
botanical knowledge like typical shapes of flowers or the purpose of certain plant organs as well as knowledge about 
sustainability in agriculture and farming methods (see Table 1). The knowledge test was completed by the learners before 
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they received the learning modules (pretest) and after they completed the last task from the guidebook (posttest). It was 
not possible to conduct a retention test to assess long-term learning.

2.4 � Statistical analysis

IBM SPSS 25.0 was used for factor analysis and Quest for Rasch analysis. Level of significance is marked as p ≤ 0.05 = *; 
p ≤ 0.01 = **; p ≤ 0.001 = ***. For factor analysis values below 0.3 were left out.

3 � Results

3.1 � Knowledge levels

The first part of this analysis focuses on changes in learners’ cognitive perception of the concept Sustainability. A compari-
son of pretest and posttest scores via Wilcoxon test (p < 0.01) showed significant learning progress for both the control 

Fig. 1   Comparison of knowledge scores in CG and EG

Table 1   Example questions for the knowledge test with example answer options for two questions

B12 Here are two pictures of cherry tree flowers. To which plant family does the cherry belong to?
❏ Mint family ❏ Bean family
❏ Rose family ❏ Cabbage family

S11 Which of the following farming techniques are used in traditional agriculture?
S1 The term “sustainability” is closely related to how we use natural resources. Which of the following statements explains a sustain-

able use of natural resources the best?
B9 The flower of labiate plants consists of …
B11 You want to find the ideal place for a beehive. Which environment holds the ideal source of nutrition for bees?

❏ Cornfield ❏ Flower meadow
❏ Soccer pitch ❏ Deciduous 

forest
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group (on-site) and the experimental group (online). Further analysis via Mann–Whitney-U (p > 0.05 at 0.565) tested 
negative for statistical differences in learning progress between CG and EG (see Fig. 1).

The test itself was analyzed using Rasch. Cronbach’s α assesses internal consistency and was at 0.74 (> 0.7 is good, > 0.8 
is very good, > 0.9 is not acceptable; [52, 56]). The Rasch-model-based reliability showed very good item estimates with 
Infit MNSQ at 0.99 (± 0.08) and Infit t at 0.13 (± 1.62). Especially MNSQ-values are not sensible to sample size and therefore 
work for small sample groups, too [57]. The reliability of estimate at 0.97 is considered very good and person reliability of 
0.63 is also acceptable. Reliability of estimate at 0.98. (± 1.0) and person reliability of 0.55 (± 0.84) are in line with previous 
analysis that showed the data has no normal distribution. MNSQ for all Item Fits lie between 0.08 and 1.2, which means 
all items fit the model.

Item Estimate Thresholds lie between -3 and + 3 (see Fig. 2). As shown by distribution of the Xs on the left-hand side, 
cases are spread evenly. The grouping of the questions (Bs and Ss on the right-hand side) indicates that there are no very 
hard items, many moderate-to-hard items, and one easy item (S10). Therefore, reaching a satisfactory score on the test 
was fairly easy, but only few learners reached close-to-perfect scores. Several example questions (see Table 1) display a 
mix of easy, moderate, and hard questions.

3.2 � Semantic differential

The second part of this analysis focuses on two semantic differentials, one for Sustainability (SU) and the other one for 
Environmental Protection (PR). Wilcoxon test at 0.086 showed no significant difference between scores in PR and SU. Mean 
score for PR was at 5.72 (± 0.67) slightly lower than for SU at 5.85 (± 0.71). The adjective pair hard-easy had the lowest 
ranking, whereas useless-useful showed the highest ranking (see Fig. 3).

The SDs then were analyzed using Principal Component Analysis (PCA) with Oblimin rotation to validate the basic struc-
ture proposed by Osgood, Suci and Tannenbaum [38]. KMO for PCA was tested adequate at 0.804. (Kaiser–Meyer–Olkin 
is considered > 0.7 as intermediate, > 0.8 as good, > 0.9 as very good [58];). Bartlett’s test of sphericity (χ2 = 1559.099, 
p < 0.001) indicated that correlations between items were sufficiently large for PCA. As illustrated by Fig. 4, loading scores 
of individual adjective pairs showed two principal components: one component consists of all PR-Couples and the other 
one of all SU-couples.

Fig. 2   Item estimate threshold 
for Rasch analysis of knowl-
edge level items. Each X repre-
sents 2 learners
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A second PCA with Oblimin rotation was applied on each individual set of bipolar pairs. KMO verified sampling 
adequacy (KMO = 0.813, χ2 = 671,737, p < 0.001). This analysis was conducted to check the data for the three underlying 
dimensions evaluation, potency, and activity. Three adjective pairs matched each of the dimensions (see Table 2).

Fig. 3   Semantic Differential 
Scores of PR and SU for all 
adjective pairs

Fig. 4   Principal Component 
Analysis of both Semantic 
Differentials

Table 2   SD SU factor scores 
of PCA analysis with Oblimin 
rotation

Components Evaluation Potency Activity

Bad—good .908
Useless—useful .893
Worthless—precious .771
Hard—easy .898
Ineffective—effective .552
Worrying—comforting .522
Passive—active .884
Coward—brave .836
Boring—interesting .386
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After the dimensions had been verified the analysis continued as Heise [59] suggested with calculating the distance 
between the two concepts for each dimension (e.g. distance for Evaluation dE = √(E1-E2)2). The results were dE = 0.187, 
dP = 0.15, dA = 0.057. Higher scores indicate greater dissimilarity between the concepts. None of the distance scores 
is above 1.0 though, so they can be considered rather close overall. This falls in line with previous Wilcoxon test.

3.3 � Correlation between semantic structure and knowledge levels

Finally, correlations between posttest knowledge scores and SD scores were calculated. High-achievers (with knowl-
edge scores in the posttest above median) and low-achievers were compared. Spearman-Rho analysis resulted in 
significant positive correlations between scores in SD-PR and SD-SU (0.598**). Mann–Whitney-U test showed no 
significant difference between low-achiever or high-achiever mean SD scores (0.13 for SD SU and 0.72 for SD PR). 
Mean Scores for SD-SU were 5.64 ± 0.86 for low-achievers and 5.91 ± 0.71 for high-achievers. Mean Scores for SD-PR 
were 5.93 ± 0.71 for low-achievers and 5.87 ± 0.7 for high-achievers (see Fig. 5).

4 � Discussion

A major surprise is the same learning outcomes of online and on-site interventions. Previous studies have found 
that outdoor activities are more effective for sustainability knowledge acquisition [54, 55, 60, 61]. Due to the unique 
situation caused by COVID-19 lockdown schooling, learners could not engage in outdoor learning activities. It pro-
vided an exceptional opportunity to survey children who had not been exposed to didactically prepared natural 
environments during the study. Contrary to Hypothesis 3, our findings clearly indicate that even a sole digital learning 
environment significantly alters knowledge levels. This supports studies like Schönfelder and Bogner [62], where no 
significant difference between on-site and online learning was found. Also [23], point out that asynchronous online 
learning has some positive practical implications for learners: online content is easily accessible and fits flexibly 
into learners’ daily routines. In an on-site intervention, however, the learning environment is more controlled and 
more insight, for example, into the learners’ motivation is possible. This asynchronous approach was driven by an 
unprecedented lockdown learning situation. A new approach using blended learning can increase the comparabil-
ity of on-site and online studies. Other key elements of ESD, such as questioning and re-imagining conventional, 
non-sustainable lifestyles and empowering learners to adopt more community action [30], could benefit from using 
more collaborative learning forms.

Since the knowledge test had to be customized to fit the intervention’s contents, applying Rasch analysis was advis-
able to assess its model fit. The items tended to be easy, but the cases were spread evenly, and fit indices were within 
suitable ranges. Internal consistency values were also considered to be good [63, 64]. Therefore, the applied knowl-
edge test did indeed account for botanical and environmental knowledge. Both the experimental group (online) and 
the control group (on-site) had a significant increase in knowledge. Although items were moderate to easy, there 
were no perfect scores for either of them. Since knowledge gains were comparable, the age group would seem to 
have significant influence on this outcome. [65] suggest that 5th graders tend to have high learning motivation in 
science. Ecosystem pasture is the first unit in the Bavarian curriculum to target ESD. So, pre-knowledge levels would 
be rather low compared to other topics. Research indicated that pre-knowledge must be considered if present and 
that knowledge levels increase more easily from low to moderate scores than moderate to high scores [65, 66].

Our second major finding is that 5th graders can differentiate between the two concepts in question as shown by 
the PCA of both SD values. Our results point to a distinct differentiation between the abstract concept of Sustainability 
(SU) and the more tangible concept of Environmental Protection (PR). Most studies focus on the latter while others do 
not differentiate between ecological, economic, and social aspects [29]. Our semantic structure shows that 10-year-
olds can distinguish the complex concept of sustainability from protecting natural environments. Hypothesis 1 thus 
has to be rejected. To avoid contradictions between sustainability knowledge and actual behavior as suggested by 
Kowasch and Lippe [16], future research on children’s attitudinal preferences towards economic and social aspects of 
sustainability is recommended. As the UN framework points out, the interconnectedness of ESD-related phenomena 
is key to promoting more sustainable lifestyles. Learners’ knowledge should therefore not be limited to one subject. 
Our Grade 5 learning units successfully targeted both economic and ecological effects of sustainable and traditional 
farming. Thus, interdisciplinary topics are suitable for ESD on the secondary levels.
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The three-dimensional structure (evaluation, potency, and activity) of semantic differentials has been questioned 
by a variety of studies [46, 47, 67]. Maclay and Ware [53] point out that semantics work differently in different cultural 
contexts. According to Chráska and Chrásková [68] this must be considered when using the SD method. Therefore, 
bipolar adjective pairs need to be standardized for a specific cultural environment [41]. Our adjective pool consists 
of pairs suggested by previous research as well as additional pairs considered suitable for this age group by experts 
[40, 42]. The PCA showed all three categories. Hence, our mix of inductive and deductive techniques when choosing 
appropriate bipolar pairs may be regarded as successful. Consequently, the SD method proved to be an easily applied, 
convenient method to tackle a variety of research questions – provided that the adjective pairs are representative.

As other statistical tests already showed no significant difference between the affective space of Sustainability and 
Protection, it was likely that the three subcategories did not differ significantly. A comparison of these findings with the 
first PCA (see Fig. 3), however, revealed some interesting implications. On the one hand, learners can clearly distinguish 
between both concepts. On the other hand, they are rated almost the same, although Sustainability is rated slightly 
higher. Environmental protection is a part of the ecological and economic pillars of sustainability. Acting sustainability-
conscious, therefore, automatically includes actions toward environmental protection. The least-rated item in both SDs 
was hard-easy. This shows a rather ambivalent kind of thinking within the 5th graders: apparently, they know that acting 
sustainably is important since good and precious have the highest ranking, but they also evaluate it as a rather difficult 
task to accomplish. In this context, it would be interesting to track social desirability scores with comparable sample 
groups [69–71]. Young learners can lack the foresight needed to evaluate the consequences of more sustainable behavior. 
Prospectively then, SD values could drop once learners were informed about the downsides of sustainable development, 
such as increased food prices.

Finally, the influence of attitudinal preferences on learning outcomes was analyzed. Since there was no significant 
difference between the CG and EG, we combined both groups for this analysis. A comparison of high and low achiev-
ers, the ones that learned the most and the least during the intervention, showed no statistically significant difference 
between SD ratings and learning success. This contradicts Hypothesis 2 and previous research [11, 13, 72]. However, Fig. 5 
shows a greater standard deviation for SD-SU in low achievers than in high achievers. These findings lead to the possible 
conclusion that learners, who may have had no idea what the abstract term sustainability meant before the intervention, 
were simply checking boxes. Hence, some ratings were rather poor, while others were higher as expected. One possible 
explanation for this increased deviation could be that the term environmental protection is used more commonly and is 
more self-explanatory. Therefore, learners were much more confident about how to rate this concept. Since the SD was 
collected before the intervention, sustainability had not yet appeared in the official syllabus. Therefore, they had either 
no pre-knowledge about it or possibly biased sources, such as their parents or social media.

This is especially interesting for educators in ESD. Sammalisto et al. [22] point out, specific courses on sustainability can 
influence university learners’ perceived environmentally friendly behavior. Our findings, however, indicate that educators 

Fig. 5   Comparison of 
knowledge levels (high- and 
low-achievers) and their mean 
scores in SD PR & SD SU
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in younger grades should ensure that there is a certain common ground of sustainability knowledge to build upon before 
commencing with detailed knowledge. Middle school teachers can assume that there is no common knowledge basis in 
their classes. Thus, before tackling popular issues such as plastic waste or conducting field courses, learners should first 
establish an adequate theoretical background about sustainability. In a blended learning scenario, this basic knowledge 
should be taught through asynchronous online activities, whereas synchronous learning units should be used for direct 
interaction with and in natural environments.

4.1 � Conclusion

Surprisingly, our ESD module led to similar learning progress online and on-site. Contrary to studies in environmental 
education, attitudinal preferences measured before the learning module had no significant impact on knowledge gains. 
Gathering more information about social desirability in this age group could shed more light on their attitudinal prefer-
ences toward sustainability concepts in general. The semantic differential method was used to measure these preferences. 
This is especially valuable for teachers and educators, as using adjective pairs is a rather easy design for a test instrument 
and offers a short but effective monitoring tool. Based on the convenience of the SD tool, it should find its way to regular 
classroom practice. However, testing the SD method for other concepts and different age groups could provide further 
insight into its universal application.

Since sustainable agriculture touches many everyday issues even for learners, such as choice of food or production 
method, it is a suitable starting point for ESD. The topic is not limited to ecologic aspects but provides a variety of possible 
expansions toward other SDGs, such as political agendas or economic implications. As shown by our analysis of online 
distance learning, lockdown schooling did not necessarily cause a setback to the SDGs. However, further research with a 
more representative sample size is required. Other digital teaching methods such as blended learning and collaborative 
modules should also be evaluated for primary and secondary level teaching.
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