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Education in global climate change in a botanical garden: students‘ perceptions 

and inquiry-based learning 

 

Daniela Sellmann and Franz X. Bogner 

 

Abstract 

The current global climate change has substantially increased the importance of 

environmental education. Adolescents are known to have common concepts about 

global change that are often fragmentary or incorrect. Reinfried et al. (Geographie heute 

265:24–33, 2008) suggest special learning materials so that students face their own 

conceptions and are confronted with the correct ones. In our two-day environmental 

education programme, combining student-centered indoor and outdoor activities in an 

ecological botanical garden, we implemented specially designed materials to confront 

students with a common scientifically incorrect conception about the relationship of 

ozone layer depletion with the greenhouse effect. Other common alternative 

conceptions about global climate change and the greenhouse effect were not explicitly 

mentioned in the learning material. We used concept mapping as a tool to reveal 

conceptions and potential conceptual changes. 25 high-achieving high-school students 

have taken part in our study so far. Initial results show that conceptions of our 

participants were quite in line with the literature. We also showed that presentation of 

information does indeed play an important role in changing students’ conceptions. 

Hence, not only providing the necessary information but also confronting alternative 

conceptions should be part of any educational material.
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Concept Maps in Environmental Education: an Approach to reveal Students’ 

Conceptual Change 

 

Daniela Sellmann, Anne Liefländer and Franz X. Bogner 

 

Abstract 

Adolescents hold various alternative conceptions on climate change. Concept maps 

function as useful tools to reveal such conceptions. However, the time-consuming 

analysis of those maps often prevents application in typical classroom situations. 

Therefore, we aimed to provide teachers with an appropriate approach to analyse 

students’ concept maps for alternative conceptions and potential conceptual change and, 

thus, allow teachers to react flexibly to their students’ learning needs. We developed a 

two-day environmental education programme on global climate change which was 

applied in the Ecological-botanical garden Bayreuth, Germany. Three student-centred 

learning units were designed to impart knowledge on causes, mechanisms, and impacts 

of climate change as well as to provide students with ways in which they could act to 

protect the climate. Altogether, 95 Bavarian students (highest stratification level, 

‘Gymnasium’) aged 15 to 19 participated in the study. Gender was about equally 

distributed (42.1 % girls). Having reviewed the literature on students’ common 

alternative conceptions on climate change, five common alternative conceptions were 

included in a concept mapping task which was applied before and after our 

environmental education programme on global climate change. The students completed 

the maps in single-sex dyads or triplets. The analyses followed selected parameters 

(number of alternative concepts, propositions using these concepts, students’ 

conceptions) by employing quantitative as well as qualitative methods. A comparison of 

pre- and post-maps’ sum scores of the parameters unveiled a significant decrease for all 

observed parameters and, thus, pointed to a conceptual change. Strong correlations 

between qualitative and quantitative parameters were apparent, subsequently leading to 

an alternative analysis of those concept maps. This approach is, due to its simple and 

merely time-consuming handling, applicable in a conventional classroom situation and 

may inform teachers about students’ alternative conceptions. This may help them devise 

instructional strategies accordingly. 
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Climate change education: quantitatively assessing the impact of a botanical 

garden as an informal learning environment 

 

Daniela Sellmann and Franz X. Bogner 

 

Abstract 

Although informal learning environments have been studied extensively, ours is one of 

the first studies to quantitatively assess the impact of learning in botanical gardens on 

students’ cognitive achievement. We observed a group of 10th graders participating in a 

one-day educational intervention on climate change implemented in a botanical garden. 

The students completed multiple-choice questionnaires in a pre-post-retention test 

design. Comparing the test scores revealed a significant short-term knowledge gain as 

well as a long-term knowledge gain. Consequently, our results show the potentials of 

botanical gardens as effective learning environments, and for complementing formal 

school-based learning settings regarding climate change education. 

 

Keywords: environmental education; botanical garden; cognitive achievement; climate 

change; out-of-school learning 

 

Introduction 

Botanical gardens today have multifaceted responsibilities (Schulman and Lehvävirta 

2011) (Figure 1). Since the foundation of the first botanical gardens in Europe in the 

sixteenth century, their activities have constantly expanded: they serve as facilities for 

research, recreation, and education as well (Kohlleppel, Bradley, and Jacob 2002; 

Primack and Miller-Rushing 2009; Schulman and Lehvävirta 2011). Within recent 

years, the global mission for conservation has become increasingly important (Wyse 

Jackson and Sutherland 2000). Within the Global Strategy for Plant Conservation 

climate change is considered to be a threat to plant diversity (Secretariat of the 

Convention on Biological Diversity and Botanic Gardens Conservation International 

2002), thus requiring an adjustment of the traditional main botanical garden tasks to 

meet the challenge of global climate change (Schulman and Lehvävirta 2011). 
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Figure 1.  Responsibilities of botanical gardens today (based on Kohlleppel, 

Bradley, and Jacob 2002; Schulman and Lehvävirta 2011). 

 

Botanical gardens are valuable institutions in climate change research as they offer a 

great range of resources such as a diverse flora including invasive species, herbarium 

specimens, phenological gardens1 as well as consistent environmental conditions 

through extensive care (Primack and Miller-Rushing 2009). However, unlike other 

research facilities, botanical gardens also have an educational mission. Traditionally, 

botanical garden education approaches focus on imparting factual knowledge about 

plant species and ecosystems. Environmental education and education for sustainable 

development have been added later to the repertoire (Michener and Schultz 2002) as an 

answer to the major anthropogenic changes of the world’s ecosystems we are facing. 

Environmental issues and problems of the twenty-first century (e.g. fair trade, land use, 

and recycling) are less common in educational programmes than traditional themes (e.g. 

plant diversity and plant science): the topic of climate change is addressed by only one-

third of botanical gardens, as the results of a survey with over 100 botanical gardens 

show (Kneebone 2007). 

Consequently, the Botanic Gardens Conservation International (BGCI) (an organization 

whose mission is the conservation of threatened plant species worldwide; its members 

are mostly botanical gardens) considers environmental education, and especially 

education for sustainable development, to be a main responsibility of botanical gardens 

(Willison 2006; Willison and Green 1994). With some additional training and 

professional support, educational staff may provide pedagogical content knowledge 

(Shulman 1987), serving the huge demand for environmental education. All the current 
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2500 botanical gardens worldwide (http://www.bgci.org, accessed 13 July 2011) receive 

at least 200 million visitors per year (Oldfield 2010); in Germany, the 100 botanical 

gardens account for about 20 million visitors per year (http://www.verband-botanischer-

gaerten.de; accessed 13 July 2011). Among them there are not only free-choice garden 

visitors, but also many student groups visiting the gardens during the course of a field 

trip. Those large numbers of visitors account for a high qualitative and high potential 

impact and, therefore, qualify botanical gardens as very suitable sites for education on 

environmental issues. 

Today, climate change, being one of the most prominent socioscientific issues of our 

time (Klosterman and Sadler 2010), needs to be addressed through (botanic garden) 

education. It is important to provide the public with strategies to protect the climate and 

to educate the general public about the multifaceted and complex phenomenon of 

climate change, especially its diverse consequences for plants, ecosystems, and human 

beings. Although the mass media substantially influence the public opinion on climate 

change, the information provided is sometimes inconsistent; this contributes to the 

uncertainty of the public concerning this issue and to the formation of scientifically 

incorrect conceptions (Fortner et al. 2000). Therefore, suitable education programmes 

are needed to enhance scientific knowledge in order to reduce existing uncertainties 

(Fortner et al. 2000). The influence of knowledge on attitudes and behavior is 

controversially discussed. Most authors regard knowledge – to a certain extent – as an 

influential factor (Kollmuss and Agyeman 2002); by some, knowledge is even 

considered to be a prerequisite for individual attitude and behavior formation (e.g. 

Bogner 1998; Kaiser and Fuhrer 2003). Consequently, Stern, Powell, and Ardoin (2008) 

stated that the two major aims of environmental education programmes are to enhance 

knowledge and ultimately to positively influence environmental behavior and attitudes 

towards nature. We consider knowledge as an important factor in a whole set of diverse 

aspects influencing attitudes and behavior. Considering a competence model for 

environmental education described by Kaiser, Roczen, and Bogner (2008), the type of 

knowledge also plays an important role on its influence on attitudes and behavior. 

While ‘system knowledge’ may only have an indirect influence, ‘action-related 

knowledge,’ and ‘effectiveness knowledge,’ may directly influence behavior.2 

Therefore, in our environmental education intervention, we provided students with all 

three types of knowledge. 
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Typically, climate change education is conducted in the classroom. There are various 

studies focusing on students’ conceptions about climate change (e.g. Andersson and 

Wallin 2000; Shepardson et al. 2011) and how these conceptions may be altered 

through instruction (e.g. Lombardi and Sinatra 2012; Rebich and Gautier 2005). Other 

researchers compared different instructional approaches for their efficiency in climate 

change education (e.g. Klosterman and Sadler 2010). At out-of-school settings, climate 

change, being a threat to species and ecosystems, is often integrated into existing 

environmental education programmes, rather than addressing the topic in a separate 

intervention. 

Botanical gardens have the expertise to communicate to people of all ages scientific 

evidence related to climate change. Especially for students, climate change being a 

global phenomenon is an abstract process and, as such, not easy to understand. This 

may lead to problems when teaching this complex topic. Botanical gardens allow 

showing students plant collections and ecosystems from all over the world and, thus, 

may give them the chance to explore these ecosystems on a small, model scale. 

Thereby, botanical gardens may serve as a ‘window to the world,’ allowing to get an 

understanding of the global relationships of climate change related phenomena. 

Consequently, the International Agenda for Conservation in Botanic Gardens states that 

botanic gardens are well placed to ‘[d]evelop and implement educational and public 

awareness programmes on climate change and its effects on biodiversity and global 

sustainability’ (Wyse Jackson and Sutherland 2000, 18). 

There are few educational studies conducted in botanical gardens (e.g. Conlon Morgan 

et al. 2009; Michener and Schultz 2002; Stewart 2002; Tunnicliffe 2001) and that is 

why Sanders (2007, 1209) argues that botanical gardens are an ‘underresearched 

educational context’; empirical studies about climate change education or the cognitive 

achievement through the participation in botanical gardens’ educational programmes, 

therefore, need further attention. In general, science learning is an important outcome of 

visits to informal3 learning environments (including botanical gardens) (Anderson, 

Storcksdieck, and Spock 2007; Bamberger and Tal 2008; Falk and Needham 2011; Falk 

and Storksdieck 2010). To assess learning outcomes, evaluation is essential when 

implementing (environmental) education programmes in out-of-school learning settings 

such as botanical gardens (Stern, Powell, and Ardoin 2008; Willison and Green 1994). 

Nevertheless, many environmental education programmes lack a systematic evaluation 

approach (Carleton-Hug and Hug 2010). Similar to visiting informal, free-choice 
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learning environments, participating in residential environmental education programmes 

can lead to short-term affective and cognitive outcomes, but very often the absence of 

follow-up tests does not allow any conclusions to be drawn about effect persistence 

(Carleton-Hug and Hug 2010; Rickinson et al. 2004; Stern, Powell, and Ardoin 2008). 

Limited available resources (time, staff, and budget) may cause this failure to 

administer follow-up tests. This is also true for botanical gardens. In her survey, 

Kneebone (2007) showed that although over 70% of the gardens use some kind of 

evaluation at least sometimes, only one-fifth of them always evaluate their programmes. 

 

Figure 2.  The contextual model of learning (Falk and Dierking 2000). 

 

Typical educational approaches in botanical gardens include guided tours, talks, 

exhibitions, workshops, and free-choice learning (e.g. self-guided tours and interpretive 

signs) (see Falk (2005) for a definition4), artistic approaches (e.g. poetry, dance, theatre, 

and music), and many others (Kneebone 2007). Sanders (2007) suggested reviewing the 

ratio of the formal (educator centered) to more open educational approaches applied in 

botanical gardens. This suggestion is supported by a study conducted in a natural 
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history museum revealing that although the students and teachers were highly satisfied 

with the guided tours in which they participated, few student-centered elements could 

be observed and little cognitive achievement could be measured (Cox-Petersen et al. 

2003). Tal and Morag (2007) came to similar results in a study conducted in four 

natural history museums; they suggested applying a sociocultural approach in order to 

give students more time for interactions. Davidson, Passmore, and Anderson (2010) 

showed that students visiting zoos indeed had a desire to interact socially with their 

peers. Usually, this is unwanted during guided tours where students are supposed to 

listen to the guide attentively. Student-centred learning approaches give more space for 

such social interactions and many activities even require them. Therefore, Falk and 

Dierking (2000) included a sociocultural factor in their Contextual Model of Learning 

(Figure 2), which can be used to understand and improve visitors’ learning. 

Our study followed the suggestions of Schatz (2004 cited in Mortensen and Smart 2007, 

1390): we structured the free-choice learning experience within the botanical garden by 

offering student-centred learning units that are more open than traditional, formal 

approaches like guided tours, yet are more structured than the experiences in informal 

learning settings. We focused on the question of whether botanical gardens can serve as 

effective educational institutions with regard to the issue of climate change. Our 

objectives therefore were to address the following questions: 

(1) Can participation in a one-day environmental education intervention in a botanical 

garden enhance students’ knowledge on climate change? 

(2) If there is a knowledge gain, will it be persistent over a long period of time?  

 

Materials and methods 

Participants 

Altogether, 108 Bavarian high school students (of the college preparatory secondary 

school level, ‘Gymnasium’) 15–19 years of age participated in our study (as the 

treatment group). Slightly more female than male adolescents participated (65.74% of 

the participants were female). All participants came from rural environments in the 

region of Bayreuth. School classes were selected when teachers were willing to 

participate with their students and parents gave their permission (opportunity sample). 

Altogether, students of six classes participated in our study. Unfortunately, the 

governmental authorities did not allow the collection of extensive demographical data 

(e.g. access to outdoor environments at home, school grades, and parents’ jobs) due to 
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confidentiality reasons. A group of 37 students (two school classes) of the same age and 

educational level completed knowledge tests without participating in our environmental 

education intervention and participated in usual classroom instruction. This test–retest 

group we judge as necessary in order to exclude possible learning effects caused simply 

by repeated completion of the knowledge test or by general instruction outside any 

school environment. 

 

The out-of-school setting 

The ecological-botanical garden in question is a research institution of the University of 

Bayreuth offering space to various research teams. In its public greenhouses and 

outdoor areas, it displays more than 10,000 plant species from all over the world. In 

contrast to other, traditional botanical gardens that arrange their plants, for example, 

according to plant taxonomy (e.g. university or medicinal gardens), the plants of the 

ecological-botanical garden are grown in habitats simulating their natural environments. 

This allows visitors not only to view plants’ features, but also gives an impression of the 

environments where these plants naturally grow. In 2010, the garden received about 

41,000 visitors altogether, including 88 school groups from kindergarten through high 

school (Aas 2011) that experienced the educational offerings (mostly guided tours 

focusing on various topics). Most of the students came within the framework of annual 

field trips to get an overall impression of the garden. Some groups came already 

prepared with teachers who explicitly requested guided tours to study specific topics in 

depth. The garden additionally offers exhibitions, artistic events (readings, concerts) as 

well as an annual ‘Gardeners’ Day’ providing views behind the scenes and specific 

expert knowledge. The highlight of the year is the ‘Garden Day’ which has a different 

theme each summer. The educational programme of the garden is managed by the full-

time staff of the garden with support of volunteers. 

 

The environmental education intervention 

Our one-day environmental education intervention comprised of two learning units 

focusing on global climate change: the first one provided background information about 

the issue of climate change by learning at workstations, while the second one consisted 

of more practical activities within the garden. The intervention was designed to be 

applicable in a daily garden routine. Rather than focusing on the general public that 

visits the garden, we decided to target school classes visiting the garden during their 
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compulsory annual field trip day. As explained above, this kind of student groups 

regularly visits the garden without special focus. We therefore offered an intervention 

which can be integrated into instruction at school. The intervention complemented the 

existing tenth-grade curriculum by including comprehensive ecological knowledge and 

environmental topics in biology and global climate change in geography. We decided 

for an open learning approach in order to allow students to interact with their peers and 

educators. Our student centred learning units focused on learning at workstations and on 

group work as well. Workstations allow students to work independently in their own 

pace with self-instructional materials; the teacher acts as a supporter rather than being 

an instructor (Randler et al. 2007; Schaal and Bogner 2005). The activities provided 

opportunities to the students to learn about the causes, mechanisms, and impacts of 

climate change, as well as options of how individuals can contribute to climate change 

mitigation. 

The first unit comprised of eight obligatory theoretical workstations as well as one 

optional workstation with each workstation covering a different topic. The optional 

workstation was provided for faster working students; its contents were not part of the 

knowledge test. All workstations were set up simultaneously in the garden’s seminar 

room. Each group of 3–4 students rotated through the workstations, completing the 

activities of each workstation before moving on to the next. Every student filled in his 

or her own workbook. The workstations dealt with the following topics related to 

climate change: 

 

• the greenhouse effect (natural and anthropogenic); 

• greenhouse gases (e.g. carbon dioxide and methane); 

• climate changes in the history of the Earth: ice cores and dendrochronological 

analyses; 

• the contribution of food production and transportation to carbon dioxide 

emissions; 

• the effects of climate change on ecosystems (by using the example of the food 

chain interrelations of the Winter Moth [Opheroptera brumata], Great Tit[Parus 

major], and Pedunculate Oak [Quercus robur]); 

• different climate scenarios; 

• climate policy: national and international strategies; 
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• energy saving in everyday life; and the energy balance calculation of the 

students’ homes (optional). 

 

The first unit, which was more theoretically oriented, was followed by a practically 

oriented second unit. In the second unit, the students received an ‘explorer-booklet’ and 

a map indicating different sites in the garden and in the public greenhouses. After 

locating an indicated site, each group of students used the material provided at the site’s 

workstation to learn more about specific plant species and their ecosystem. Each 

workstation focused on particular plant species and was located in the area of the 

gardens where the species is growing. The students needed to work with the plants and 

the educational material in order to solve tasks concerning the multiple consequences of 

global climate change on plant species, ecosystems, and eventually, humans. The 

second unit comprised the following practical workstations: 

 

• ‘Tropical!’: About the tropics with a special focus on the family of bromeliads 

(Bromeliaceae) and its adaptations, about deforestation and its causes, and the 

possible impacts of climate change on the ecosystem. 

• ‘Playing with fire’: Dealing with Australian fire ecosystems as an example for 

arid ecosystems and how they are affected by climate change. The plants in 

question are Banksia sp. and Eucalyptus sp. 

• ‘The Forest of Tomorrow’: Covering the impacts of climate change on the 

German forests and their meaning for forestry as exemplified by two trees: the 

European Spruce (Picea abies) and Common Beech (Fagus sylvatica). 

• ‘Above the Clouds’: Addressing the impacts of climate change on alpine plants 

and on ski tourism, an important branch of economy in the Alps. Students can 

choose the plants they are interested in from the garden’s alpine section. 

• ‘More Power!’: Introducing the Yellow Ironweed (Verbesina alternifolia) as an 

example for renewable primary products. 

• ‘Weatherman’ (optional): Comparison of the actual temperature and 

precipitation (as consistently measured by the garden’s weather station) with the 

longterm measurements displayed in a local climate chart. 

 

Both the workbook for use at the theoretical workstations and the explorer booklet for 

the practical workstations followed the Contextual Model of Learning (Falk and 
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Dierking 2000) and its eight characteristics with implications for learning (Kisiel 2003) 

(Figure 2). For example, we provided advanced organizers within the working material 

to reduce students’ insecurity within the unfamiliar environment, or allowed 

collaborative learning by allowing students to work together in small groups. 

Subsequent to every unit, we conducted a consolidation phase to allow students to 

discuss their results with peers and educators as well as to ask any questions in the event 

of any comprehension difficulties. 

 

Data collection and analysis 

A multiple-choice test consisting of 30 items covering the contents of both intervention 

units (Table 1) measured the students’ cognitive achievement. We decided for a 

quantitative approach for multiple reasons: (1) to assess the knowledge gain of a large 

sample (Mertens 2010), (2) to interfere as less as possible and avoid influencing 

participants responses (‘nonthreatening’ Mertens 2010, 352), and (3) to make the 

approach easily applicable within the framework of our intervention and for possible 

further evaluations in the botanical garden. 

 

Table 1  Examples of knowledge test items 

Learning unit Sample questions 

Unit 1: Changing climate – 
in eight stations around the 
world 

Which of the following foods is most harmful for the 
climate? 
Apple/Beef steak [correct]/Potato 
When trees die or burn... 
CFCs are being emitted./oxygen is being emitted./CO2 is 
being emitted. 

Unit 2: Climate change and 
our vegetation 

Which of the following tree species should be planted 
least in Germany with regard to the climate changes 
foreseen? 
Pine/Beech/Spruce [correct] 
Which effect does climate change have on alpine 
regions? 
The tree line is shifting to higher altitudes.[correct]/ 
Biodiversity is decreasing./Specialized plant species are 
spreading. 

 

 

Data collection followed a pre-test–post-test control group design (Mertens 2010, 134–

5). The test was applied one week before (T0), immediately after (T1), and 4–6 weeks 
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after the students participated in the intervention (T2) (Figure 3). To prevent test effects, 

the order of items and distractors was varied for each test administration. Participants 

were unaware of any testing schedule. 

A control group completed the questionnaires at T0, T1, and T2 without participating in 

the intervention. For analysis, the students’ questionnaires were scored: each correct 

answer was given a score of one point and each incorrect answer was given a score of 

zero points. The scores of the individual questionnaire items were summed to give the 

total score for each questionnaire. 

 

 

Figure 3. Study design. 

 

The sum scores were analysed using PASW (Predictive Analysis SoftWare) Statistics 

18.0. For comparison of the pre-test and post-test scores (short-term), pre-test and 

retention test scores (long-term), and post- and retention test scores (persistence), we 

applied the dependent t-test. Furthermore, an intergroup comparison was conducted for 

each test to be able to exclude effects that might have occurred by chance (Mertens 

2010). 

We explicitly instructed teachers not to teach their students about climate change within 

the period between the post- and retention tests. 

 

Results 

The implemented knowledge scale showed a high reliability, with Cronbach’s �  = .77. 

The inner-group comparison of the pre-test and post-test knowledge scores (short-term) 

(Table 2) revealed a significant increase for the treatment group. Comparing the pre-test 

and retention test scores (long-term), we observed significantly higher knowledge 
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scores for the retention test. The post- and retention test scores did not differ 

(persistence). According to Cohen (1988, 1992 in Field 2009), the effect sizes (r) for 

short- and long-term knowledge can be rated as ‘medium’ (.30 > r < .50) and ‘great 

effect’ (r > .50). For the control group, no effects were found. 

 

Table 2.  Inner-group comparison results of the knowledge scores for the treatment 

group 

 t(107) p r 
Short-term -6.78 < .0001 .55 
Long-term -5.20 < .0001 .45 
Persistence  1.59 n. s. -  
Note. Effect sizes are reported only for significant differences. Short-term = pre- vs. post-test; long-term = 
pre- vs. retention test; persistence = post- vs. retention test; r = effect size; n. s. = not significant. 
 

 

The intra-group comparison results (Table 3) showed quite similar pre-test knowledge 

scores for both the treatment group and control group. Nevertheless, the treatment group 

had higher knowledge scores in the post-test and retention test. The effect sizes can be 

considered as ‘small’ (r < .30). 

 

 
Table 3. Inter-group comparison results of the knowledge scores for the treatment 

group and control group 

 Treatment group vs. control group 
 t(143) p r 
Pre-test  1.03 n. s. -  
Post-test -2.16 < .05 .18 
Retention test -2.29 < .05 .19 
Note. Effect sizes are reported only for significant differences. r = effect size; n. s. = not significant. 
 

 

No gender effects were found. 

 

Discussion 

Knowledge gain 

The significant short-term cognitive achievement effect found in our study answered 

our first research question: a one-day environmental education intervention in a 
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botanical garden can indeed improve the knowledge level of participants. As the 

intragroup comparison of the treatment group and the control group showed a similar 

pre-test knowledge level for both groups, simple test effects can be excluded. Thus, the 

gain in knowledge can be exclusively attributed to participating in our environmental 

education intervention. This is an informative result for educators and teachers; 

especially because there is only limited research on students’ learning in botanical 

gardens (e.g. Stewart 2002). Concerning the knowledge gain, our results are consistent 

with qualitative studies conducted at various out-of-school learning settings, such as at 

zoos (Davidson, Passmore, and Anderson 2010), science centres (Falk and Needham 

2011), and natural history museums (Bamberger and Tal 2008). All authors of these 

studies had assessed the cognitive achievement after students visited the particular 

learning setting. Yet, these studies were based on qualitative data, mainly interviews 

which allowed a deeper insight into students’ minds than quantitative approaches do, 

but their findings cannot be readily generalized. Climate change education studies 

conducted at school and university settings also showed positive shifts of knowledge 

gain and change of students’ conceptions after instruction (Klosterman and Sadler 2010; 

Lombardi and Sinatra 2012; Rebich and Gautier 2005). 

 

Persistency of knowledge gain 

Our students’ cognitive achievement was persistent over a period of 4–6 weeks, 

although the effect size was quite small. However, we think that our second research 

question can be answered in the affirmative. Similar results have been found in studies 

in other out-of-school learning programmes. A German national park study analysing 

the effect of participation in a one-day residential environmental education programme 

on cognitive achievement showed significant positive shifts in students’ knowledge that 

lasted over a period of four weeks (Bogner 1998). Kruse and Card (2004) analysed the 

self-reported knowledge of adolescents participating in a conservation education camp: 

although knowledge scores were highest directly after the camp participation, the 

observed increase was still present one month afterwards compared to the pre-test. In a 

recent study on an outdoor educational intervention on plants, the students’ participating 

in the intervention had higher knowledge scores compared to a control group 

experiencing traditional classroom biology lessons. The cognitive achievement was 

constant even three months after the students’ participation (Fan� ovi� ová and Prokop 

2011). 
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Although similar to the studies mentioned, our results were surprising with regard to 

long-term cognitive achievement, because one would expect students to ‘lose’ at least 

some part of what they have learned as in most other studies. However, a science centre 

education intervention on the topic of salt also produced a persistent knowledge gain 

that was stable over a period of six weeks (Meissner and Bogner 2011). In both studies, 

ours and the aforementioned, the methodological design of the learning units 

presumably had a positive influence on learning outcome. The student-centered 

approach gives participants the possibility to interact socially with their peers. This 

aspect seems to be an important factor with regard to science learning in informal 

learning settings (Cox-Petersen et al. 2003; Davidson, Passmore, and Anderson 2010; 

Falk and Dierking 2000). Nevertheless, there is a wide range of factors influencing 

learning in out-of-school settings (Falk 2004) and we may not fully understand which 

combination of factors has led to our participants’ great learning success. Yet, we 

assume the careful design of our environmental education intervention, which was 

based on recent findings of researchers in the field, to play an important role. 

 

Limitations 

We did not implement any pre-visit or post-visit activities related to our intervention. 

This was necessary to be able to attribute the measured effects exclusively to the 

students’ participation in the intervention. In a real setting, of course, it would be 

preferable to include participation in an environmental education intervention in a more 

extensive teaching unit. The visit to the botanical garden may serve as an introduction 

or a central part or a highlight at the end of the unit. Additional teaching activities 

before and after participation have been shown to enhance the outcomes of an 

environmental education programme (Smith-Sebasto and Cavern 2006). Stern, Powell, 

and Ardoin (2008) analysed the outcomes of a residential education programme for high 

school students in a national park. They showed that knowledge scores were positively 

correlated with the degree of pre-visit preparation. Therefore, we assume that the 

students’ cognitive achievement could be even higher if our climate change education 

intervention was complemented with additional teaching units before and after. This 

would certainly be the case if the intervention was applied in a setting without 

limitations due to our study design. 

We decided for a quantitative approach for reasons explained above. However, the 

quantitative character of our data collection does not allow any precise conclusions 
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about the factors that influenced students’ knowledge gain and retention. Additional 

research with a smaller sample applying qualitative methods such as interviews could 

give more insights into this aspect. This assumption is reflected by the increase of 

qualitative and mixed-method approaches in outdoor education research (Rickinson et 

al. 2004). 

School trips to out-of-school learning settings like botanical gardens often last only one 

day; that is why we have designed our intervention accordingly. Residential 

environmental education programmes, however, have a more positive impact on 

cognitive achievement over longer intervention periods. Stern, Powell, and Ardoin 

(2008), for instance, compared the outcomes of three- and five-day interventions 

conducted in a national park and found an enhanced cognitive outcome in the longer 

programme. Although our results were promising, we assume that a longer intervention 

duration might have led to an even higher knowledge gain. Yet, a longer duration might 

cause difficulties with school schedules and participation might only be possible during 

special project phases and thus require even more commitment of teachers and 

educators. 

Today, botanical gardens all over the world face the challenge of climate change and are 

engaged in educational programmes to inform the public about this ever increasing 

threat (Willison 2008). Yet, due to the limited number of empirical studies in botanical 

gardens, a thorough comparison of our results with similar studies up to now remains 

incomplete. Still, we assume the transferability of our results to similar gardens as 

studies in various out-of-school learning environments have shown similar outcomes. 

Botanical gardens have proven to be effective educational institutions concerning 

environmental education and the topic of climate change. The application of student-

centered learning approaches in botanical gardens is a valuable way to contribute to 

climate change education and can add to the informal learning opportunities of these 

facilities. 

Among others, the aim of environmental education programmes is to enhance 

knowledge and, in the end, positively influence attitudes and behaviors (Stern, Powell, 

and Ardoin 2008). The ecology-specific competence model of Kaiser, Roczen, and 

Bogner (2008) considers knowledge to directly influence conservation performance. 

Furthermore, knowledge is seen to be a base for the formation of ecological behavior 

(Kaiser and Fuhrer 2003). Actually, the increase of high school students’ knowledge 

and attitude scores after an environmental science course correlated significantly 
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(Campbell Bradley, Waliczek, and Zajicek 1999). Accordingly, the knowledge gained 

through participating in our intervention may serve as a base for the formation of 

climate-friendly attitudes and behaviors. We have evaluated these aspects in our study 

as well and the results will be presented elsewhere. 

 

Implications for teaching and conclusions 

‘It is imperative to share the results of EE [environmental education] evaluations, both 

to inform the evaluation field and practitioners of EE’ (Carleton-Hug and Hug 2010, 

163). The results of our study may be helpful to educators and teachers interested in 

visiting one of these botanical facilities with their students. Although our study was 

limited to one specific garden and one selected intervention, we assume similar 

outcomes for similar environmental or climate change interventions. Each botanical 

garden is differently structured and displays different plant species, yet they mostly 

provide similar facilities and opportunities. Botanical gardens therefore not only 

contribute to climate change research, but they also may effectively educate adolescents 

(and adults) about this important socioscientific issue. By doing so, botanical gardens 

meet the requirements of the Global Strategy for Plant Conservation and the 

International Agenda for Botanic Gardens in Conservation. 

The environmental education on climate change in botanical gardens cannot substitute 

for classroom instruction. It may provide a valuable addition to classroom instruction if 

the content is already addressed in the syllabi. If not, botanical gardens may even serve 

as the only suitable source of knowledge for students as it was the case in our study. 

Botanical gardens provide ideal preconditions for climate change education as they 

offer the opportunity to combine the biological and geographical aspects of the issue. 

In summary, we assume botanical gardens to be ideal sites for environmental education 

on global climate change and our results indicate that they are as effective as other out-

of-school settings. 

 

Notes 

1. Phenological gardens are used to determine climate induced changes in the 

phenology of plant species. Phenological stages that are observed are, for example, 

beginning of flowering or leaf fall. There are several projects connecting phenological 

gardens from different global regions (e.g. International Phenological Gardens, Global 

Monitoring Program). 
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2. System knowledge comprises basic knowledge about a certain topic, e.g. climate 

change (The production of energy through burning of fossil fuels leads to greenhouse 

gas emissions.). Action-related knowledge concerns the available behavioural options 

(Energy saving is a way to reduce greenhouse gas emissions and helps mitigate climate 

change.). Effectiveness knowledge qualifies to assess how effective a behaviour might 

be (The use of energy-saving lamps needs five times less energy than that of an electric 

bulb.). 

3. Within this paper, we refer to nonschool learning environments as ‘informal.’ 

4. … the term free-choice learning is used to refer to the type of learning that occurs 

when individuals exercise significant choice and control over their learning. Free-choice 

learning typically, but not necessarily, occurs outside schools (Falk 2005, 270). 

 

Notes on contributors 

Daniela Sellmann is a PhD student at the University of Bayreuth working on climate 

change education in a botanical garden supervised by Franz X. Bogner. 

 

Franz X. Bogner is a full professor since 1997. His special research field is science and 

environmental education: (1) attitude measurement – independently confirmed, now in a 

worldwide usage; (2) knowledge structure within EE; and (3) behavior scale (coop. with 

F. Kaiser). 
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Effects of a one-day environmental education intervention on environmental 

attitudes and connectedness with nature 

 

Daniela Sellmann and Franz X. Bogner 

 

Abstract Besides cognitive learning effects, short-term environmental education (EE) is 

often regarded as ineffective in intervening with participants' environmental attitudes 

and behaviour. However, in Germany, school classes often participate in such 1-day EE 

programmes because they better match the school curriculum in contrast to longer 

(residential) programmes. We therefore monitored a 1-day outreach EE programme on 

global climate change to reveal whether environmental attitudes and/or connectedness 

with nature of tenth graders are affected. Students from German high schools (college 

preparatory secondary school level, ‘Gymnasium’) (N0114) from age 14 to 19 

participated in the programme (treatment group). It consisted of two student-centred 

learning units on the topic of climate change. Additionally, we chose a control group of 

students who did not participate in the programme. To measure students' environmental 

attitudes and connectedness with nature, we administered the Two Major Environmental 

Values (2-MEV) and the Inclusion of Nature in Self scale in a pre-, post- and retention 

test design. The pre-test was administered 1 week before, the post-test directly after and 

the retention test 4 to 6 weeks after programme participation. Analyses revealed a 

positive long-term effect only for utilitarian values (one of the two major environmental 

factors of 2-MEV) which decreased significantly. Therefore, depending on the 

programme's content, short-term EE programmes indeed may have an influence on 

participants' environmental attitudes. 

 

Keywords Attitudes . Environmental values . Environmental education . Botanical 

garden . Climate change 
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Introduction 

In times of global climate change, the importance of environmental education (EE) 

becomes more and more evident. While this global threat needs intensive research in 

order to cope with the resulting major problems, a consistent transfer and ‘translation’ 

of scientific facts and research results to the general public, including school children 

and adolescents, is an equally important challenge. As global climate change is a very 

complex phenomenon and vast information is omnipresent in our media, people of all 

age groups often feel uncertainty about this topic (Bord et al. 2000; Fortner et al. 2000). 

This underlines the need for appropriate educational approaches where educators must 

keep in line with the fastgrowing research body. Out-of-school learning settings often 

have closer and more authentic contacts to new research issues than conventional 

classrooms. Therefore, besides offering ideal educational conditions via first-hand 

experiences, such outreach settings might well support teaching climate change (Stern 

et al. 2008). Within this context, besides functioning as research institutions, botanical 

gardens are aware of their educational role and consider environmental education as one 

of their main functions (Willison 2006; Willison and Green 1994); still, biology 

education within this context is an under-researched field (Sanders 2007). 

Typical aims of environmental education programmes are to (persistently1) enhance 

knowledge and environmental attitudes and, in the very end, to foster environmentally 

friendly behaviour. Knowledge and environmental attitudes are regarded to serve as an 

essential base for environmentally friendly behaviour (Byrka et al. 2010; Kaiser et al. 

2008). In their competence model for environmental education, Kaiser et al. (2008) state 

that the type of knowledge plays an important role on its influence on environmental 

behaviour. While ‘system knowledge’ may only have an indirect influence, ‘action-

related knowledge’ and ‘effectiveness knowledge’ may directly influence behaviour.2 

Environmental attitudes seem to directly influence pro-environmental behaviour: 

studies found attitudes to have varying impact on behaviour (e.g. Kollmuss and 

Agyeman 2002). Many studies have proven the ability of outdoor education 

programmes to positively influencing environmental attitudes (e.g. Bogner 1998; 

Bogner and Wiseman 2004; Fan� ovi� ová and Prokop 2011; Johnson and Manoli 2011; 

Kruse and Card 2004). 

By offering a first-hand experience and enjoyable experiences in nature, EE 

programmes at outdoor learning settings may not only affect knowledge and 

environmental attitudes but could also influence a person's degree of connectedness 
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with nature. While environmental knowledge can be imparted at both school and out-of-

school learning settings, a connection to nature may be enhanced when having a direct 

(and authentic) contact to it (Chawla and Cushing 2007), simultaneously addressing the 

affective domain. Schultz (2002) described the human–nature relationship as an 

inclusion of nature in the self and defined it as the degree to which a person feels nature 

to be a part of his/her self. As our contact with nature nowadays is often small, an 

intervention specifically fostering connectedness with nature may be an answer. 

Connectedness to nature should, therefore, be one of the aims of EE (Ernst and Theimer 

2011). Actually, such a positive influence on connectedness with nature has been 

repeatedly described (e.g. Schultz and Tabanico 2007; Stern et al. 2008). Consequently, 

Kaiser et al. (2008) integrated connectedness with nature into their competence model 

which was specifically designed to monitor environmental education outcomes (Fig. 1) 

by considering perceived connectedness with nature as having a positive influence on 

individual environmental behaviour. 

 

 

Fig. 1 Competence model for environmental education (based on Kaiser et al. 2008). 

Solid arrows indicate empirically established effects, whereas dashed arrows indicate 

hypothetical but possible effects 
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One important aspect influencing outcomes of EE programmes, whether environmental 

attitudes or connectedness with nature, seems to be the length of intervention 

(Rickinson 2001; Zelezny 1999). This is especially true for environmental attitudes: 

While 1-day EE programmes often have no long-term effects on environmental attitudes 

(e.g. Bogner 1998; Stern et al. 2008), programmes with longer duration may lead to 

positive effects: Bogner (1998), for instance, described positive shifts in students' 

environmental attitudes on ‘Preservation’ and ‘Utilisation’ subscales caused by 

participation in a 5-day field trip programme. Changes were persistent over a period of 

6 months; within Bogner's study (1998), a 1-day version of the programme produced 

selective shifts only in some ‘Utilisation’ subscales. Similar effects on participants' 

environmental attitudes were reported from a residential EE programme (Stern et al. 

2008). Consequently, repeated or long-term implementations may ensure persistent 

effects which eventually may last for life. Nonetheless, residential EE programmes 

often produce severe problems in school schedules: Densely packed curricula often do 

not allow out-of-school experiences exceeding single annual field days. Thus, 

discrepancies between EE recommendations and reality in practice exist. 

Our study followed two research questions: (1) Does participation in a 1-day EE 

programme effectively influence students' environmental attitudes and connectedness 

with nature? (2) What effect has students' degree of connectedness with nature on their 

environmental attitudes? 

 

Materials and methods 

 

Participants 

 

In our study, a group of Bavarian high school students (of the college preparatory 

secondary school level, ‘Gymnasium’), 15 to 19 years of age, participated as the 

treatment group. For statistical reasons, just complete tests were analysed (N0114). 

Slightly more female than male adolescents participated (65.91 % of the participants 

were female). A control group of 37 students (of similar age group and educational 

level) completed the same multiple-choice tests as the treatment group without 

participating in our EE programme. 

 

 



������������




5-




The EE programme 

 

We developed a 1-day EE programme on the topic of global climate change which was 

conducted in an ecological-botanical garden. It displays more than 10,000 plant species 

from all over the world (native and non-native) in public greenhouses and an outdoor 

area. In contrast to other traditional botanical gardens that arrange their plants, for 

example, according to plant taxonomy (e.g. university or medicinal gardens), the plants 

of the ecological-botanical garden are grown in habitats simulating their natural 

environments. This not only allows visitors to view plants' features but also gives an 

impression of the environments where these plants grow in the wild. Although 

maintained, plants may spread naturally within their assigned area of the garden. The 

EE programme comprised of two separate student-centred learning modules. The first 

one, more theoretically oriented, consisted of eight obligate and one optional 

workstation and was conducted within the garden's seminar room. Participants worked 

in small groups (of up to four), with an own workbook each. At the workstations, 

various learning materials were provid0 and students had to solve tasks according to 

their workbook. The aim of the module was to enhance students' knowledge about 

causes, mechanisms and impacts of climate change. The workstations dealt with natural 

and anthropogenic greenhouse effect, the influence of food production on greenhouse 

gas emissions, climate modelling, climate policy, energy saving in daily life, effects of 

climate change on ecosystems, climate changes in earth's history, and the greenhouse 

gases in general. 

The second, more practically oriented outreach module was conducted in the garden's 

public greenhouses and outdoor area where students had direct contact with the plants 

and could experience the nature-oriented habitats. Again, students worked in small 

groups, and every group was provided with an ‘explorer booklet’ and a map of the 

garden indicating the sites with the provided educational materials. Students could 

explore how climate change affects selected plants and ecosystems around the world. 

Five topics were part of the module: tropical rainforest (threat by deforestation and 

climate change), effects of climate change on Australia's fire ecosystems, climate 

change and its meaning for German forestry, effects of climate change on alpine 

ecosystems and economy (ski tourism), and renewable primary products as a means to 

reduce burning of fossil fuels. For each of these topics, one specific plant species was 

chosen as a representative model in order to particularly illustrate effects of global 
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climate change. After a module's completion, students discussed their results with their 

peers (and the teacher as well), thus consolidating what was learned. 

 

Empirical instruments 

 

Two instruments were administered within our study: The Two Major Environmental 

Values Scale (2-MEV) assesses adolescent environmental attitudes by covering two 

opposing domains, preservation and utilisation. Measuring environmental attitudes has a 

long tradition, and various models have been developed to estimate the influence of 

attitudes and other factors on environmental behaviour (Kollmuss and Agyeman 2002). 

However, Leeming and others (1993, 1995, cited in Bogner and Wiseman 2006, p. 248) 

could show that there were no instruments specifically developed to measure 

adolescents' attitudes at that time. Therefore, starting from the 1990s, Bogner and 

Wiseman (1999, 2002, 2004, 2006) worked on the development and refinement of an 

adequate instrument to measure adolescents' environmental attitudes. Finally, a simple 

to apply two-factor structure of the 2-MEV model was extracted to tap the complex 

environmental attitudes. The preservation factor covers preferences standing for a 

biocentric, nature-oriented lifestyle wherein human beings are regarded as an integral 

part of nature, depending on it. The other, utilisation, describes preferences of 

anthropocentric worldviews where human beings dominate nature by using/overusing it 

for resource exploitation. During the last decade, this model was independently retested 

and repeatedly confirmed by three research groups around the world: Milfont and 

colleagues in New Zealand (Milfont and Duckitt 2004), Johnson and colleagues in the 

USA (Johnson and Manoli 2011), as well as Boeve-de Pauw and colleagues in Belgium 

(Boeve-de Pauw and van Petegem 2011). The 2-MEV scale originally consists of 20 

items, ten items for each factor (Bogner and Wiseman 2006). Due to test limitations, we 

applied the 16 highest loading items on each higher-order factor (Bogner and Wiseman 

2006) (Table 1) (see “Results” section for Cronbach's alpha scores). Item examples 

were, for instance, ‘It upsets me to see the countryside taken over by building sites’ 

[preservation] or ‘We need to clear forests in order to grow crops’ [utilisation]); the 

response pattern followed a 5-point Likert scale (1 = I totally disagree, 5 = I totally 

agree). A nature-oriented person would, therefore, score high in preservation and low in 

utilisation. One inversely formulated item was recoded before analyses (‘Society will 

continue to solve even the biggest environmental problems.’). 
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Table 1 List of items of the Two Major Environmental Values Model (2-MEV) used in 

this study. 

Preservation 

It upsets me to see the countryside taken over by building sites. 

I enjoy trips to the countryside. 

Humankind will die out if we don’t live in tune with nature. 

Society will continue to solve even the biggest environmental problems. 

Sitting at the edge of a pond watching dragonflies in flight is enjoyable. 

I save water by taking a shower instead of a bath (in order to spare water). 

I always switch the light off when I don’t need it. 

We must set aside areas to protect endangered species. 

Utilisation 

Worrying about the environment often holds up development problems. 

We need to clear forest in order to grow crops. 

Our planet has unlimited resources. 

Nature is always able to restore itself. 

We must build more roads so people can travel to the countryside. 

Only plants and animals of economical importance need to be protected. 

Humans have the right to change nature as they see fit. 

People worry too much about pollution. 

 

 

The second instrument administered was the Inclusion of Nature in Self (INS) scale 

(Schultz 2001) consisting of one graphical item with two overlapping circles (Fig. 2) 

representing nature and the self. Students had to decide between seven circle patterns 

with different degrees of overlapping. The more the circles overlap, the higher is the 

feeling of being connected with nature. Scoring ranged from 1 (circles do not overlap) 

to 7 (circles overlap completely). Although subject to several limitations, the INS scale 

is an appropriate tool to measure connectedness with nature (Schultz et al. 2004). 

For data collection, we used a paper–pencil test following a pre-, post- and retention test 

design. The pre-test (T1) was administered 1 week before, the post-test (T2) 1 week 

after and the retention test (T3) 4 to 6 weeks after programme participation. 
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Fig. 2 Inclusion of Nature in Self (INS) scale (based on Schultz 2002) 

 

Analyses 

 

Despite previous confirmation (Bogner 1999; Johnson and Manoli 2011; Schultz et al. 

2004), we analysed both scales for reliability by calculating Cronbach's � . 

Subsequently, sum scores of 2-MEV items were calculated for each of the two factors 

(preservation and utilisation) obtaining scores from 8 to 40 for each subscale. Due to 

non-normal distribution, we applied a Wilcoxon signed-rank test for revealing possible 

effects caused by programme participation. Pearson's correlation was used to detect 

relationships between both scales, that is, to detect whether the degree to which a 

student feels connected with nature is related to his or her attitudes towards nature or the 

other way round. 

 

Results 

 

The reliability of the preservation and utilisation subscales scored with a Cronbach's �  

of .84 for each of the subscales. As the INS scale is a one-item scale, the three test 

applications were treated as three items and yielded a (high) Cronbach's �  of .93. This is 

in line with test–retest reliabilities of Schultz et al. (2004). 

First, we analysed the data of both scales, for possible changes during the course of the 

study (Table 2). The preservation scores increased significantly from pre-test T1 (mean 

= 30.42) to post-test T2 (mean = 31.19) but decreased again in the retention test T3 

(mean = 30.98). For utilisation scores, a decrease could be measured which was 

persistent over a period of 4 to 6 weeks (mean (T1) = 17.82; mean (T2) = 16.34; mean 
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(T3) = 17.06). Students' INS scores significantly increased directly after programme 

participation levelling back again to initial scores after a period of 4 to 6 weeks. 

Correlation analyses consistently revealed strong positive relationships between INS 

scores and preservation scores for all three time points, with Pearson's coefficients 

ranging from .44 to .63 (p<.01). Utilisation scores were negatively correlated with INS 

scores, with (Pearson's coefficients ranging from ������	���
���
������� This suggests 

that the degree to which a person feels connected with nature is related to his or her 

environmental attitudes. A negative correlation of INS with utilisation and a positive 

correlation with preservation is a result which would be expected. 

 

Table 2 Effects of programme participation on students’ environmental values and 

connectedness with nature. 

 INS Preservation Utilization 

 Z(114) p r Z(114) p r Z(114) p r 

T1-

T2 
-3.816 <.0001 -.36 -3.816 <.0001 -.36 -4.163 <.0001 -.39 

T2-

T3 
-2.254 <.05 -.21 -2.327 <.05 -.22 -1.428 n. s. --- 

T1-

T3 
-1.244 n. s. --- -1.637 n. s. --- -2.183 <.05 -.20 

Note. T1-T2 indicates short-term effects, T2-T3 indicates long-term effects, T1-T3 

indicates persistency of effects; n. s. indicates ‘not significant’ 

 

 

Discussion 

 

The scores for both scales, the INS and the 2-MEV scale, showed a favourable change 

(i.e. an increase of preservation and INS scores and a decrease of the utilisation scores) 

directly after programme participation. This observed positive short-term effect is in 

complete line with previous studies. One-day EE programmes were assumed to attain 

no persistent effects within this context. However, our study produced a positive 

persistent effect even for such a programme length. Nevertheless, changes were 

inconsistent: The shift in connectedness with nature did not prevail over a period of 4 to 

6 weeks. A possible pre-test effect can be excluded as there were no changes reported 
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within the control group. Schultz et al. (2004) explained ‘an individual's implicit 

connection with nature is more stable across time than explicit measures because it is 

not affected by memory, it is not concealable or influenced by response bias, and it is 

less affected by day-to-day experiences’ (Schultz et al. 2004, p. 39). This might explain 

the missing long-term effect on participants' connectedness in our study. A (new) bond 

with nature may only be established and strengthened if nature experiences are longer 

and repeatedly applied. Stern et al. (2008) came to a similar conclusion when observing 

adolescents participating in a 3- to 5-day residential EE programme. The authors 

suggested repeated nature experiences in order to enhance and stabilize positive 

outcomes, such as in connectedness with nature and/or in students' environmental 

attitudes. However, in a meta-analysis of seven EE programmes of different lengths and 

including repeated experiences, just two programmes produced positive effects on 

connectedness with nature (Ernst and Theimer 2011). Thus, additional aspects seem to 

have some influence; identifying them in further studies may improve 1-day EE 

programmes with regard to connectedness with nature. Many models on environmental 

behaviour consider knowledge to be an influential factor when it comes to attitudes, 

connectedness with nature and proenvironmental behaviour (Kaiser et al. 2008; 

Kollmuss and Agyeman 2002). Our EE programme was also designed to enhance 

students' knowledge on climate change. In a second study, we could show students to 

have a greater knowledge on programme-related issues directly and 4 to 6 weeks after 

participation (Sellmann and Bogner 2012). We assume that this knowledge gain might 

have contributed to the changes in students' environmental attitudes and connectedness 

with nature. Therefore, just ‘going outside’ might not be as effective as combining 

nature experiences with learning activities that encourage students to actively and 

consciously deal with the environment. 

Even 4 to 6 weeks after participation, a long-term attitudinal change only remained in 

utilisation. This shift is, too, in line with previous findings in outdoor educational 

studies (Bogner 2002; Drissner et al. 2010). Similarly, Boeve-de Pauw and van Petegem 

(2011) could show Flemish eco-school students to have lower utilisation scores than 

students attending other schools, but preservation scores were equal. A potential reason 

for our described partial shift may lie in the specifically taught issues where the focus 

did not lie on preservation or conservation topics. In our study, dealing with climate 

change as a human-caused phenomenon, the anthropogenic element is an inevitable 

component, thus, affecting mainly the utilitarian sector of the attitudinal domains. In 
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contrast, contents concerning, e.g. conservation issues (as represented in preservation), 

were only marginally brought up; although we did not intend to, the programme content 

itself seems to be the reason for the imbalanced changes within the 2-MEV scale. 

Consequently, in contrast to Drissner et al. (2010), we think that a positive effect in 

preservation attitudes could actually have been achieved by choosing the programme 

content accordingly. This assumption might be supported by a study measuring 

outcomes of residential environmental education programmes dealing with both 

anthropocentric and utilitarian issues as well: 4 to 6 weeks after programme 

participation, a significant positive shift in both adolescents' preservation and utilisation 

scores was reported (Johnson and Manoli 2011). For further research and for the design 

of environmental education programmes, it should be taken into account that the topics 

of EE programmes may have a great influence on the attitudinal outcomes. The 

verification of this assumption may be achieved by carefully designed studies with 

different treatment groups, each concentrating on one aspect of a topic, the preservation 

or the utilisation aspect, respectively. In instruction, however, positive changes of both 

factors may be fostered by a balanced choice of topics; addressing both the 

anthropocentric and the biocentric worldview. Keeping this in mind, 1-day EE 

programmes may effectively contribute to the formation of environmentally friendly 

attitudes. 

Connectedness with nature apparently is positively linked with environmental attitudes. 

Students with high connectedness to nature scored high in the preservation factor 

whereas students with low connectedness scored high in utilisation. This is in line with 

other studies (e.g. Schultz 2001; Schultz et al. 2004): The degree of connectedness with 

nature, therefore, may predict environmental attitudes, each influencing the other. Thus, 

it seems meaningful to foster both connectedness with nature and environmentally 

friendly attitudes, possibly maximizing increases in both factors and as a result also EE 

programme outcomes. 

Common climate change education mainly focuses on enhancing knowledge to foster 

climate literacy and/or to prevent or alter scientifically incorrect conceptions (e.g. 

Ekborg and Areskoug 2006; Klosterman and Sadler 2010; Lombardi and Sinatra 2010; 

Rebich and Gautier 2005). Correct knowledge (about climate change) certainly may 

serve as a base for future behaviour (Byrka et al. 2010; Kaiser et al. 2008). Although we 

agree with this assumption, in our study, we additionally intended to influence 

environmental attitudes and connectedness with nature, as these factors may also result 
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in a more climate-friendly behaviour. In a study examining policy decision makers' 

willingness to accept climate change strategies, values and norms played an important 

role (Nilsson et al. 2004). This may also be true for environmental attitudes. Although 

the impact of factors influencing environmental behaviour, like environmental attitudes, 

is varying and cannot be quantified (Kollmuss and Agyeman 2002), we regard it 

reasonable to consider environmental attitudes in EE programmes and try to foster 

adolescents' connectedness with nature as they are the future decision makers. 

In conclusion, 1-day EE programmes with their established status within school 

schedules indeed have positive short- and long-term effects. Although having no 

persistent impact on connectedness with nature like longer programmes might have, 

effects on environmental attitudes may be achieved. Thus, 1-day EE programmes may 

not be equivalent in terms of their impact on environmental attitudes and connectedness 

with nature, but they may be a valuable addition to instruction at school. A careful 

programme design focusing both on preservational and utilitarian issues may support 

these outcomes, while factors influencing connectedness with nature, apart from 

duration, and repeated experiences, should be further investigated. We could show that 

environmental attitudes may be influenced also by climate change education. Fostering 

environmental attitudes should therefore be integrated into climate change education 

programmes as this may consequently support behavioural outcomes. 

 

Notes 

1 A persistent knowledge gain is measurable not only directly after programme 

participation but also in follow-up tests. 

2 System knowledge comprises basic knowledge about a certain topic, e.g. climate 

change (‘The production of energy through burning of fossil fuels leads to greenhouse 

gas emissions.’). Action-related knowledge concerns the available behavioural options 

(‘Energy saving is a way to reduce greenhouse gas emissions and helps mitigate climate 

change.’). Effectiveness knowledge qualifies to assess how effective a behavior might 

be (‘The use of energy-saving lamps needs five times less energy than that of an electric 

bulb.’). 
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