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ABSTRACT
Sustainable mobility is an urgent topic to discuss in the primary school 
classroom, given the challenges in the mobility sector regarding sustain-
ability issues and children’s embeddedness in these circumstances. 
Therefore, it seems fruitful to address the topic within the approaches 
of Education for Sustainable Mobility (ESM) or Education for Sustainable 
Development (ESD), both of which strongly focus on students’ reflection 
on their knowledge and actions. For the adaptive design of personalised 
learning environments that integrate such reflection processes, it is nec-
essary to know primary school students’ conceptions of sustainable 
mobility. Since research in the field of mobility education has so far 
mainly focused on road safety education, this Systematic Literature 
Review (SLR) aims to determine whether and to what extent studies on 
mobility education pursue objectives that correspond with ESM and ESD. 
Furthermore, this SLR identifies primary school students’ conceptions of 
sustainable mobility. The analysis of 18 studies published between 2010 
and 2023 shows that objectives corresponding to the instrumental 
approach of ESD dominate and that students’ conceptions of sustainable 
mobility mainly relate to ecological aspects, while social and economic 
changes are less important. Implications such as the lack of interventions 
focusing on an emancipatory and transformative ESM are discussed.

1.  Introduction

From an early age, children learn and experience that mobility enables them to fulfil many 
fundamental needs: meeting family and friends, getting to school and engaging in leisure 
activities (Gleich 1998). Mobility is in many ways a basic human requirement and the foundation 
for various social and economic processes in an interconnected globalised world (Miao 2021). 
At the same time, the transport sector is a massive contributor to environmental pollution, 
emitting 7.98 Gt of carbon dioxide in 2022, confirming the annual growth trend (IEA 2023). In 
addition to the negative impacts on the environment, air pollution, noise and traffic accidents 
pose risks to human health (Hennicke et  al. 2021). Moreover, the increasing number of cars and 
roads (Eurostat 2024a, 2024b) leads to spatial conflicts such as land consumption, soil sealing 
and an impairment of the amenity value of public space (Kazig, Müller, and Wiegandt 2003; 
Kida 2019). Therefore, it is necessary to rethink the current mobility system, which is detrimental 
to people now and in the future, as well as to the environment. This process of change requires 
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the participation of society as a whole, technological innovation, the development of physical 
infrastructure, the reallocation of public space, as well as social, cultural and institutional change 
(Vergragt and Brown 2007; Gather and Hille 2021).

In light of the UN’s 17 Sustainable Development Goals, these discussions must become an 
integral part of education to enable all learners to ‘acquire the knowledge and skills needed 
to promote sustainable development’ (UN 2015, 17). For this reason, Education for Sustainable 
Development (ESD) is already embedded in the curricula of many primary schools worldwide 
(e.g. Bagoly-Simó 2013; StMBW 2014). It is based on the assumption that children are the ‘main 
actors of the future’ (Giraldi et  al. 2017, 3068) who will shape the world ahead based on their 
values, attitudes and knowledge (Stern 2000; Truelove and Parks 2012). Their thoughts, feelings 
and actions are strongly influenced by the normative and cognitive conceptions and experiences 
developed during childhood and adolescence (Dewey 2020; Molinario et  al. 2020). While under-
standing students’ conceptions of sustainable mobility is crucial for deriving the action intentions 
of tomorrow’s adults for mobility, it is also necessary as a prerequisite for the adaptive design 
of personalised learning environments (Dockterman 2018).

Mobility education in primary schools can be divided into road safety education and Education 
for Sustainable Mobility (ESM) (see Figure 1): On the one hand, road safety education aims to 
teach students how to act safely when walking or cycling so that they can participate inde-
pendently and actively in road traffic. On the other hand, ESM brings the discourse on sustain-
able mobility into the classroom in line with ESD and thus creates space for the development 
of competences relevant to sustainability (Schwedes et  al. 2021; Skorsetz et  al. 2023). The three 
ESM approaches are explained in more detail in Section 2.1.

As both road safety education and ESM contribute to students’ participation in shaping 
sustainable mobility, it is important to strive for a systematic and continuous implementation 
of safety and sustainability-oriented mobility education in European schools (Mütze and de 
Dobbeleer 2023). A closer look at individual countries shows that while road safety education 
is already established (e.g. Germany, Spain), ESM is hardly part of mobility education (Funk et  al. 
2013; Mütze and de Dobbeleer 2023). This Systematic Literature Review (SLR), therefore, focuses 
on ESM and primary school students’ conceptions of sustainable mobility.

2.  Theoretical background and scope of the review

The following sections elaborate on the three approaches of ESD that can be used as a theo-
retical framework for sustainability-oriented mobility education and illustrate them with examples 
of mobility content or objectives. They then focus on students’ conceptions, defining and val-
idating their importance in terms of lesson planning, teaching and evaluation.

Figure 1. M obility education in primary schools.
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2.1.  Education for sustainable development and mobility

ESM can be categorised as an ESD approach, as it aims to develop skills in students that enable 
them to participate in shaping a sustainable world (Rieckmann 2016) – which automatically includes 
sustainable mobility (Spitta 2020). Over the past two decades, three main approaches to ESD in 
schools have emerged, with different objectives and teaching methods. Therefore, different poten-
tials for mobility education exist: The first approach, which Vare and Scott (2007) refer to as ESD 
1, is considered an ‘instrumental approach’ (Wals 2011). As the name suggests, it focuses on teaching 
values and promoting behaviours that are recognised as sustainable in both scientific and societal 
discourse. Accordingly, this approach aims at ‘learning for sustainable development’ to improve 
students’ ecological footprint (Vare and Scott 2007). In the area of mobility, there are behaviours, 
such as walking, cycling and using public transport, for which there is a broad scientific and societal 
consensus on their respective contribution to sustainable mobility. Therefore, teachers can promote 
these behaviours as part of sustainable development. From a scientific perspective, there are many 
definitions and strategies for transforming mobility systems, although four overarching strategies 
can be identified: 1) traffic avoidance, 2) shifting to environmentally friendly modes of transport, 
3) improving efficiency and capacity utilisation and 4) transport equity (Hennicke et  al. 2021). 
Following the modal shift strategy, school campaigns can be organised to promote cycling to 
school or to get to know and appreciate public transport through group excursions.

However, there are different and sometimes contradictory expert opinions in the context of 
sustainable mobility, for which the ESD 2 approach seems appropriate. This ‘emancipatory 
approach’ (Wals 2011) is characterised by a reflective and critical engagement with the ideas of 
sustainable development and the associated complexities, contradictions and uncertain knowl-
edge. This means that within the learning process, students explore the complex and contradictory 
aspects of sustainable behaviour and lifestyles, enabling them to make independent, reflective 
decisions when faced with sustainability issues (Vare and Scott 2007; Pettig and Ohl 2023b). 
Measures to implement sustainable mobility at the level of urban policy, such as the designation 
of car-free zones in city centres, traffic-calming measures or the expansion of bicycle infrastruc-
ture at the expense of car traffic, are often controversial and a starting point for ESD 2.

These approaches to ESD have come under increasing criticism in recent years (Lingenfelder 
2020). This criticism includes the insufficient questioning and critical examination of neoliberal 
assumptions and discourses, such as the adherence to the economic growth paradigm without 
any alternative, the exploitation of the environment and the focus on technology-oriented 
innovation strategies of the market (Selby and Kagawa 2011; Kopnina and Meijers 2014). 
Furthermore, the insufficient consideration of racism, power interests and social justice (Danielzik 
2013), as well as the depoliticisation of the sustainability discourse through the attribution of 
responsibility to individuals, are criticised (Lösch and Eis 2018). As a response to this criticism, 
there is a discussion about transformative approaches to learning in the context of ESD.

The transformative approach of ESD (ESD 3) envisages a critical stance towards capitalism 
and growth and adopts a postcolonial perspective in addressing global challenges (Blum et  al. 
2021). In contrast to the previously mentioned ESD 2 approach, the transformative approach 
seeks to break out of a sense of powerlessness in the face of the complex and contradictory 
aspects of ‘sustainable’ action (Vare 2014). Therefore, the intention is to elaborate and negotiate 
a sustainable path guided by the principle of ensuring a good life for all (Pettig and Ohl 2023b). 
This requires a comprehensive form of reflection, as it involves a qualitative shift in ways of 
thinking, feeling and acting, as well as in social models, norms and values (Pettig 2021). 
Consequently, the goal of increased reflexivity applies both to the structural and institutional 
level with firmly embedded ideologies and power relations, as well as to personal practices and 
crucial patterns of thinking and feeling (Lingenfelder 2020). Since transformation also involves 
action in society, students should be allowed to try out and contribute to political participation 
in the sense of critical political education (Blum et  al. 2021).
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For transformative learning in adult education, Mezirow (1997) proposes three consecutive 
phases: First, the deconstruction of one’s own and alternative conceptions; second, the recon-
struction in the sense of experiencing and critically reflecting on shared experiences; and finally, 
the integration of the new meaning perspectives into one’s own life (Schild, Leng, and Hammer 
2019). At the primary level, children are not yet capable of deconstructing or questioning sys-
tems, phenomena or social orders that still seem abstract to them, but it is possible to initiate 
reflections on simplified and clearly described complex value dimensions in the context of ESD, 
for example, by dealing with dilemmas (Gaubitz 2022). Research findings also indicate that 
explorative and philosophical approaches with appropriate scaffolding can stimulate reflection 
on one’s conceptions (de Boer 2019; Komm and Huhmann 2022). Consequently, we assume that 
experiential approaches such as experiencing mobility alternatives together in class can provide 
opportunities for exploration and reflection in terms of Mezirow’s reconstruction. By creating a 
space for the articulation of experiences, perceptions and emotions, these can be addressed, 
discussed and made available for reflection. Based on students’ explorations and their special 
(mobility) needs, it is possible to stimulate a critical questioning of the current status quo and 
develop visions of a just or child-friendly living environment. Afterwards, questions of who 
decides about the mobility of the future and which decisions are made at the local level can 
extend these reflection processes to the political level.

The description of the three ESD approaches and the content and goals of mobility education 
show that all three approaches have a certain potential for specific issues of ESM. In German 
primary schools, the subject of Social and Science Education (‘Sachunterricht’) deals with the 
topic of mobility, specifying it as an interdisciplinary field encompassing the social sciences, 
natural sciences, geography, history and technology (GDSU 2013). The objectives for Social and 
Science Education reflect an ESD-focused mobility education that aims

‘to explore mobility as a local (increasingly also as a global) system, to orient oneself in it, 
to reflect on the conditions of the mobility reality experienced in everyday life, to learn about 
the effects and consequences of mobility on the environment and health, to draw conclusions 
from this for one’s behaviour and to participate in solving social problems’ [translation E.S.] 
(GDSU 2013, 73, 74).

The focus on reflection in these formulations is very much in line with the ESD 2 approach, 
such as students should learn about complex relationships between mobility, environment and 
health, and, based on the analysis, critically reflect on their behaviour. Therefore, a central goal 
of mobility education is the development of transport competence, which is defined as cognitive 
abilities and skills that enable individuals to make independent, reflective, environmentally 
conscious and responsible decisions about their transport choices (GDSU 2013; Schwedes et  al. 
2021). In addition, students’ perceptions of the traffic area are a central learning content. In the 
sense of ESD 3, these can be used to critically analyse the status quo and initiate an exercise 
in social participation in mobility issues, for instance by collecting and publishing suggestions 
for improving mobility in the city. In this way, mobility education aims to educate students to 
become responsible and critically questioning citizens who, by reflecting on their mobility 
behaviour and participating in the political and social negotiation process, contribute to the 
transformation of mobility towards a more socially and ecologically just system (Schwedes et  al. 
2021). Summing up, no single ESD approach is sufficient to address ESM, as the potential of 
each is different. For this reason, the study aims to investigate the extent to which the potential 
of the different ESD approaches has been realised or reported in previous studies on ESM.

2.2.  Student conceptions and educational reconstruction

Regardless of the underlying ESD approach, students’ conceptions are an important prereq-
uisite and resource for meaningful learning (Kattmann 2023) and thus the basis for effective 
ESM (Helmke 2022). Students’ conceptions are defined as ‘mental drafts that a person makes 
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of the world that surrounds and affects him through sensory impressions’ [translation E.S.] 
(Duit 1997, 234). These ‘mental conglomerates’ (Adamina 2008, 19) include various elements, 
such as knowledge components, experiences, perceptions, attitudes, interests and values 
(Adamina 2008) and are developed based on everyday experiences, everyday language expres-
sions, general thought patterns and educational engagement with the subject matter (Reinfried 
2010). Students’ conceptions are often described as strongly resistant to change because they 
have been subjectively useful in various situations and are therefore of great importance to 
the individual (Fridrich 2009). They can simplify complexity and guide students’ thinking and 
action by providing a framework for understanding and interpreting information. In this way, 
students’ conceptions can guide and justify human behaviour (Reinfried 2006; Fridrich 2010).

As already described, reflecting on one’s conceptions of sustainable mobility is a core prin-
ciple of an emancipatory and transformative ESM. For this reason, students’ conceptions are a 
central learning prerequisite, which must be built upon in the classroom. The high relevance 
of students’ conceptions for teaching and learning is also based on the assumption of a mod-
erately constructivist learning process. Learning is seen as an active process of constructing 
meaning based on existing conceptions (Duit 1995). Consequently, the teacher faces the chal-
lenge of achieving an optimal fit between students’ conceptions and learning opportunities 
(Hardy et  al. 2011) and enabling the construction and reconstruction of students’ conceptions 
(Kattmann 2005). To ensure this adaptability and effective lesson planning, which includes 
content, objectives and learning approaches in line with the concept of educational reconstruc-
tion (Kattmann 2023), it is crucial to have a deep understanding of students’ conceptions (Duit 
1995; Reinfried 2006).

According to the theory of conceptual change (Posner et  al. 1982), existing student concep-
tions must be activated in class and then further developed, deepened and reflected upon. 
These processes are referred to as conceptual reconstruction and thus differ from the idea of 
a radical exchange of learner conceptions (Kattmann 2005). To stimulate the further development 
of conceptions in the context of an emancipatory and transformative ESD, the re- and decon-
struction of conceptions is of central importance (Mezirow 1997). This development of students’ 
conceptions can be challenging due to the resistance of students’ conceptions to change. 
Research on conceptual change assumes that new information is not absorbed once and for 
all, but that it is gradually adopted in a longer-term transformation process (Schneider, 
Vamvakoussi, and van Dooren 2012). However, there is also little research on conceptual change 
(e.g. Lee and She 2010), which shows that it can also be an abrupt process triggered by the 
experience of a single event. Students’ conceptions therefore play an important role in the 
planning and design of ESM, which is why the SLR analyses the current state of research on 
students’ conceptions of sustainable mobility. As there are a variety of terms used in the liter-
ature on students’ conceptions (Rinschede and Siegmund 2022) and we want to take this 
diversity into account, we don’t specify or limit the understanding of the term.

2.3.  Purpose of the SLR

There are two main strands of research in the field of mobility research with primary school 
children. On the one hand, there are numerous intervention studies investigating ways to pro-
mote road safety (e.g. Riaz et  al. 2019) or focus on students’ perceptions of road safety aspects 
(e.g. Skorsetz, Bonanati, and Kucharz 2021). Inspired by prior findings showing a decline in 
students’ active and independent travel (e.g. Shaw et  al. 2013), the second research focus is on 
(active) travel to school or physical activity in general, especially students’ or parents’ perceptions 
of barriers, obstacles and well-being (e.g. Zaragoza et  al. 2020).

This SLR differs from these studies by deliberately focusing on students’ conceptions of 
sustainable mobility, thereby increasing the visibility of current research projects in this field 
and providing a basis for more in-depth research. In doing so, we aim to extend the focus of 
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mobility education on safety aspects, which is reflected both in teaching practice (Funk et  al. 
2013; Mütze and de Dobbeleer 2023) and in research (von Reeken 2014). As shown, the topic 
of mobility offers diverse potential for the implementation of ESD, which should prepare stu-
dents to actively engage in sustainable mobility. However, as the objectives of ESD vary, we 
first identify which studies already exist and which objectives of ESM are mentioned. In order 
to address the individual conceptions of students in the classroom we also examine what results 
can be found in the literature on the conceptions of primary school students of sustainable 
mobility. To review the current state of research, we systematically identified and analysed the 
studies that have been carried out worldwide on students’ conceptions of sustainable mobility 
within a descriptive SLR (Xiao and Watson 2019).

In order to analyse and describe students’ conceptions of sustainable mobility as compre-
hensively as possible, we focus not only on the objectives of ESM and students’ conceptions 
but also on the constructs and topics investigated in the studies and the applied research 
methodological approaches. In doing so, we aim to provide a broad overview of the research 
field and to derive implications for future research projects in ESM. The inclusion of research 
methodological approaches is also necessary to assess and discuss the quality and validity of 
the findings on student conceptions. In this way, we intend to synthesise the status quo of 
research in the field of primary school ESM, with a particular focus on students’ conceptions.

This article addresses the following research questions:

1.	 Which constructs and topics are investigated in the identified studies?
2.	 Which research methodological approaches are used?
3.	 What are the goals of mobility education in primary schools as expressed in the 

studies?
4.	 What are the main findings reported on primary school students’ conceptions of sus-

tainable mobility?

3.  Method

In general, a SLR gathers research findings on a specific topic (Xiao and Watson 2019). To do 
so, we defined inclusion and exclusion criteria to conduct a systematic literature search on the 
topic. The extracted data were then analysed using qualitative content analysis according to 
Kuckartz (2018). We provide a more detailed explanation of the methodological procedure in 
the following sections.

3.1.  Inclusion and exclusion criteria

Based on the research questions, studies had to meet the following formal criteria to be included 
in the SLR:

i.	 The study had to be published in English or German;
ii.	 The study must have been published between 2010 and 2023 (cut-off date: 3 March 

2023). We selected 2010 as the starting year due to the growing demands for altering 
the mobility system leading up to the UN Conference in Rio de Janeiro in 2012 (UITP, 
UIC, and UNIFE 2012);

iii.	 In order to cover the breadth of the research field in German-speaking countries, we 
used different inclusion criteria for English and German studies. In addition to peer-reviewed 
journal articles, we included edited books in the German search, according to the pub-
lication culture in the primary school subject of Social and Science Education.

iv.	 The study must be designed as an empirical study.
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In addition, the following content-related criteria were applied to the database search:

i.	 The study examines primary school students’ conceptions of sustainable mobility, building 
on the definition in the theory section. Therefore, the investigation of knowledge compo-
nents, experiences, perceptions, attitudes, interests and values can be included in the SLR;

ii.	 The study sample consists of primary school students (first to sixth grade) and preschool 
students (as findings from this group are also applicable to the beginning of primary 
school).

The criteria for exclusion in this SLR are the following:

i.	 The study relates exclusively to student conceptions in the field of road safety education 
(e.g. traffic rules, safety precautions);

ii.	 The study focuses on students’ perceptions (e.g. barriers, well-being) when travelling to 
promote active transport.

3.2.  Search procedure

The systematic literature search to identify relevant studies was conducted according to the 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (Page 
et  al. 2021) and is presented in the PRISMA flow diagram (see Figure 2). First, we conducted a 
systematic database search using ERIC, PsycINFO, Scopus and Web of Science for English liter-
ature and the Fachportal Pädagogik, OPAC (Online Public Access Catalogue) of the University 
of Augsburg and the Bavarian Union Catalogue for German literature. The search included the 
three key concepts ‘school’, ‘student’ and ‘mobility’, which we combined using the Boolean 
operator AND. Synonyms and related terms for each key concept were also defined and com-
bined using ‘OR’. For searches in German databases, we used the German equivalents (for search 
terms see Table A1 in Appendix A). The search results were refined by applying filters to narrow 
the results and exclude studies that did not meet the formal inclusion criteria. Distractors were 
‘English’ or ‘German’, ‘publication year between 2010 and 2023’, ‘journal article’ and ‘peer reviewed’ 
if applicable. When searching in German databases, we added ‘edited books’ to the above filters. 
The search details can be found in Appendix A (see Table A2).

The title and abstract screening were carried out independently by two reviewers using the 
predefined inclusion and exclusion criteria. Discrepancies in their assessments were discussed to 
reach a consensus. Both reviewers then independently read the full texts of the remaining studies 
in detail and included or excluded the records according to the criteria. Again, disagreements 
were discussed and resolved by consensus. As a result of this procedure, we excluded a further 
21 studies (for reasons, see Figure 2) and included 12 studies from the database search in the SLR.

In the second step, we performed a backward and forward citation search using Google 
Scholar and Web of Science to find articles that cited the studies already identified. We also 
examined publication lists of authors associated with the included studies. The additional search 
identified 1161 records, which we filtered using the same procedure as described above. This 
process resulted in six studies that met the criteria for inclusion. In total, we included 18 studies 
from 16 publications in the SLR. The agreement rate between the two reviewers was 98.54% 
for the abstract screening and 88.37% for the full-text assessment.

3.3.  Data analysis

The analysis of the 18 studies was conducted using qualitative content analysis (Kuckartz 2018). 
First, we deductively derived the main categories from the research questions and deductively 
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added subcategories where appropriate. Based on the data, we inductively developed additional 
subcategories. Table A3 in Appendix A shows an extract from the final category system. Data 
analysis was performed by two independent reviewers. We assessed the interrater reliability 
(Cohen’s Kappa = 0.86) based on the coding of two papers (10% of the material) using the 
refined category system.

4.  Results

The following part provides the results of the SLR with the research questions being reported 
one after the other. An overview of all included and analysed studies of the review is described 
in the first section and in Table 1.

4.1.  Overview of included studies

Regarding the publication year of the studies, we identified two important years: In 2014 
four studies were published and in 2019 five studies. There were no studies relevant to this 
review published in 2022. Examining the geographical origin of the studies reveals that 
most of them originate from Europe, with two from Turkey and one from Canada. No studies 
from the Asia-Pacific, African, and North and South American regions met the inclusion 
criteria. Notably, the three identified studies from Germany appeared in an edited book on 
mobility education in primary school, while all other studies were published in peer-reviewed 
scientific journals.

In two of the identified studies, there is no indication of the grade level of the sample. 
However, due to the age of the students, we can classify both studies as primary education. 
In the remaining 16 studies, the grade level varies according to the inclusion criteria. Two studies 
examine students’ conceptions of sustainable mobility in preschool. Preschoolers surveyed were 
aged between five and six years, while in the primary school sector the surveys included stu-
dents aged between 6 and 13.

Figure 2. S earch procedure based on the PRISMA flow diagram.
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4.2.  Constructs and topics investigated

Figure 3 shows an overview of the constructs under investigation in the studies. Based on this 
diagram, it is evident that some studies report findings examining two or more constructs.

In two studies, the investigated construct is explicitly defined. Krämer (2014, 21) defines the 
construct of attitudes as a ‘psychological tendency’ of liking or disliking an object. Furthermore, 
in the study by Borg and colleagues (2019, 3), knowledge is defined as ‘children’s self-reported 
ideas about and thoughts and views on various modes of transportation […].’ Given this defi-
nition, knowledge is defined as the construct of student conceptions in this SLR or synonymously 
used terms such as everyday ideas (Heldt 2018) or everyday theories (Schuler 2011). In all other 
articles, the construct under investigation is not explained in more detail.

Theoretical elaborations of the construct, embedding it in a theory or deriving its meaning 
by establishing theoretical connections, are provided in five articles. The construct of attitudes 
(Stark et  al. 2018; Stark, Singleton, and Uhlmann 2019) is associated with the theory of 
planned behaviour (Ajzen 1991) or attitudes are seen as a factor that influences behaviour 
(Krämer 2014). Torres and colleagues (2020) identify perceptions as important determinants 
of mobility. These theoretical underpinnings emphasise that the constructs are examined 
because they are thought to be relevant to action. In their study on preschoolers’ knowledge 
of the environmental impacts of transport modes, Borg and colleagues (2019) draw upon 
the theory of instruction (Bruner 1966) and the social learning theory (Bandura 1977). They 
understand learning as a social process that can occur even by preschoolers through the 
organisation and categorisation of information using iconic representations. The results indi-
cate that the construct under investigation is often not defined. This means that it remains 
largely unclear which conceptualisation of the construct underpins it and how it differs from 
similar constructs.

In terms of content, the topic of sustainable mobility in primary school allows for many focal 
points, which is also reflected in students’ conceptions investigated. Figure 4 lists the topics for 
which students’ conceptions have been researched in the studies. Studies on preschool students 

Table 1. O verview of the included studies.

Author
Year of 

publication
Country of 

investigation Journal/Book Search Grade Age

Baslington 2010 Great Britain Journal db 3rd to 6th grade –
Borg, Winberg, 

and Vinterek
2019 Sweden Journal db Preschool 5–6 years

Burghardt 2014 Germany Book chapter db 4th grade –
Kester, Sovacool, 

and Heida
2019 Denmark, 

Netherlands
Journal db 4th to 6th grade 9–13 years

Kopnina 2011 Netherlands Journal db – 10–11 years
Kopnina and 

Williams
2012 Netherlands Journal om – 7–10 years

Krämer 2014 Germany Book chapter db 3rd grade 8–10 years
Melis et  al. 2020 Norway Journal om Preschool 5–6 years
Özsoy 2012 Turkey Journal om 4th to 8th grade –
Özsoy and Ahi 2014 Turkey Journal db 1st to 5th grade –
Sipone et  al. 2019 Spain Journal db 5th grade 10–12 years
Sipone et  al. 2021 Spain Journal db 5th grade 10–11 years
Sovacool, Kester, 

and Heida
2019 Denmark, 

Netherlands
Journal om 4th to 6th grade 9–13 years

Stark et  al. 2018 Austria Journal db 3rd and 4th grade Mean age 9.6
Stark, Singleton, 

and Uhlmann
2019 Austria Journal om 3rd grade, 7th grade 8–9 years, 

12–13 years
Torres et  al. 2020 Canada Journal db 6th grade 11–12 years
Weihrauch 2014 Germany Book chapter db 4th grade Mean age 10
Zwerts et  al. 2010 Belgium Journal om 5th and 6th grade, first and 

second grade secondary
10–13 years

Note: db: database; om: other method (forward and backward citation search or publication list).
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primarily examine the construct of knowledge, specifically concerning the environmental impact 
of diverse transportation modes (Borg, Winberg, and Vinterek 2019; Melis et  al. 2020). For other 
grade levels, no distinct patterns emerge.

4.3.  Research methodological approaches

Eight qualitative studies, seven quantitative studies and three mixed methods studies met the 
inclusion criteria of the SLR (see Table 2). These studies predominantly are cross-sectional inves-
tigations, with two quasi-experiments but no longitudinal study. In terms of data collection 
methods, all seven quantitative studies and two of the three mixed methods studies use ques-
tionnaires. Commonly used data collection methods in qualitative studies include (semi-structured) 
interviews and focus groups, as well as the draw and explain technique, which was used in 
both qualitative and mixed methods research.

In both quasi-experiments (Sipone et  al. 2019, 2021) using a role-playing game called 
ClassCraft, only one experimental group is studied. The studies by Baslington (2010) and Borg 
and colleagues (2019) are cross-sectional, but they investigate a control and an experimental 
group. However, in both studies, data are collected only during the intervention, not at any 
time before. The results are, therefore, analysed in a differentiated way and differences between 
the study groups are highlighted.

4.4.  Goals of mobility education

Eleven of the reviewed studies mention objectives of mobility education (see references 
below), while seven studies do not specify the goals of teaching mobility (Zwerts et  al. 
2010; Kopnina and Williams 2012; Stark et  al. 2018; Sipone et  al. 2019; Sovacool, Kester, 
and Heida 2019; Stark, Singleton, and Uhlmann 2019; Torres et  al. 2020). The reasons are, 
for example, that the article explores children’s conceptions as future car buyers and drivers 
(Sovacool, Kester, and Heida 2019) or as an important target group in urban planning 
(Torres et  al. 2020).

The objectives of mobility education in primary schools are related to road safety education 
on the one hand and ESM on the other. The two studies that mention safety education as an 

Figure 3. I nvestigated constructs by number.
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objective aim to promote the conditions for independent, active and safe travel and the devel-
opment of responsible and sensible road use (e.g. learning about traffic rules and safety require-
ments) (Baslington 2010; Sipone et  al. 2021).

None of the studies that focus on ESM make an explicit allocation to the ESD approaches. However, 
the analysis of the objectives shows that such a categorisation is possible. Specifically, this means 
that the objectives in the relevant studies correspond to ESD 1, ESD 2 and one goal relates to 
empowering collective action in the context of sustainability. Eight studies mention goals that can 
be assigned to the instrumental approach of ESD (Vare and Scott 2007). These goals include:

•	 becoming aware of environmental problems (Özsoy 2012; Burghardt 2014; Özsoy and Ahi 
2014; Melis et al. 2020) or developing respect for the environment and all forms of life (Borg, 
Winberg, and Vinterek 2019);

Figure 4. R esearched topics in the field of primary school student conceptions of sustainable mobility.

Table 2. O verview of the research methodological approaches.

Research 
method Study type Survey method Sample size Studies

Qualitative 
research

Cross-sectional 
study

Interview N = 53 Borg, Winberg, and Vinterek (2019)
N = 6 Burghardt (2014)
N = 6 Krämer (2014)
N = 56 Melis et  al. (2020)

Written assignments, 
interview

N = 69 Kopnina (2011)

Draw and explain technique N = 429 Özsoy (2012)
Walking tours, focus group N = 65 Torres et  al. (2020)

Quasi-experiment Focus group N = 75 Sipone et  al. (2019)
Quantitative 

research
Cross-sectional 

study
Questionnaire N = 587 Kester, Sovacool, and Heida (2019)

N = 140 Kopnina and Williams (2012)
N = 587 Sovacool, Kester, and Heida (2019)
N = 152 Stark et  al. (2018)
N = 129 Stark, Singleton, and Uhlmann (2019)
N = 2546 Zwerts et  al. (2010)

quasi-experiment Questionnaire N = 75 Sipone et  al. (2021)
Mixed methods cross-sectional study Travel diary

questionnaire, Focus group
N = 555 Baslington (2010)

Questionnaire N = 18 Weihrauch (2014)
Draw and explain technique N = 828 Özsoy and Ahi (2014)
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•	 becoming able to deal with environmental problems or traffic issues by gaining knowledge, 
important values, attitudes, behaviours and skills (Baslington 2010; Özsoy 2012; Burghardt 
2014; Özsoy and Ahi 2014; Borg, Winberg, and vinterek 2019; Kester, Sovacool, and Heida 
2019; Melis et  al. 2020; Sipone et  al. 2021);

•	 stimulating an intended process of change in terms of thinking and acting e.g. ‘encouraging 
greater use of walking, cycling, public transport and car-sharing’ (Burghardt 2014; Sipone 
et  al. 2021, 3; 2021).

The categorisation into the instrumental approach of ESD is often based on the specific 
wording, especially the verbs used in the formulation of the objectives, such as ‘equipping 
the citizens with required information, skills and values to exhibit environmentally-responsible 
behaviors’ (Özsoy 2012, 1133) or ‘changing children’s attitudes towards the environment’ 
(Kester, Sovacool, and Heida 2019, 3). These objectives of ESM mainly emphasise an instru-
mental approach to ESD, as they are characterised by both the provision of relevant infor-
mation on sustainability or mobility issues and the specification of sustainable behaviour by 
the teacher.

Four studies articulate objectives aligning with the emancipatory approach of ESD (vare and 
Scott 2007):

•	 Making independent decisions on actions, considering acquired information and facts (Özsoy 
and Ahi 2014; Weihrauch 2014), while also weighing the consequences of one’s actions on 
individuals, the environment and future generations (Baslington 2010; Krämer 2014).

The objectives emphasise that students should be empowered to integrate their acquired 
knowledge into their decision making. This means that personal mobility decisions should be 
based on critical reflection on the relevant facts and the environmental and social impacts. It 
can be assumed that decisions on sustainable mobility require dealing with complex and con-
troversial issues and that negotiation processes involve the conflicting priorities of social justice, 
environmental compatibility and economic viability and require a future-oriented perspective 
(Gather and Hille 2021). This goal of empowering students to make reflective mobility choices 
can be attributed to an emancipatory and critical approach to ESD.

The objectives emphasising collective action encompass:

•	 collaboratively applying skills and abilities to address and prevent sustainability issues 
(Özsoy and Ahi 2014) and introduce students to collective actions (Kopnina 2011).

This objective shows an intention to empower students to participate in participatory projects 
or political decisions and thus has links to transformative learning, political education or 
approaches such as global citizenship education (Grobbauer 2016).

The classification of objectives shows that there are studies that mention both safety edu-
cation and ESM objectives, or that there is an overlap between the objectives in terms of ESD 
approaches (Baslington 2010; Özsoy and Ahi 2014; Sipone et  al. 2021).

4.5.  Student conceptions

4.5.1.  Attitudes towards transport modes
Attitudes towards cycling and walking: Students rate bicycling as one of the most popular or 
even the most popular mode of transportation along with walking and scooter (Zwerts et  al. 
2010; Stark et  al. 2018; Borg, Winberg, and vinterek 2019; Stark, Singleton, and Uhlmann 2019; 
Melis et  al. 2020). It is associated with positive emotions, such as fun, excitement, well-being 
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and self-determination (Krämer 2014; Borg, Winberg, and vinterek 2019; Melis et  al. 2020). 
Walking is experienced as being fun (Zwerts et  al. 2010; Krämer 2014), but at the same time 
described as strenuous and boring (Krämer 2014; Melis et  al. 2020). In general, boys have a 
more positive attitude towards cycling and walking than girls (Stark, Singleton, and Uhlmann 2019).

Attitudes towards cars: The car is generally less popular than active modes of transport but 
is rated more positively than public transport (Baslington 2010; Stark et  al. 2018; Stark, Singleton, 
and Uhlmann 2019). This is also reflected in students’ ambivalent discussion of cars (Kopnina 
2011; Krämer 2014; Borg, Winberg, and vinterek 2019). Students describe cars with adjectives 
such as fascinating, cool, fast, beautiful, useful and simultaneously as bad, dangerous and dirty 
(Kopnina 2011; Kopnina and Williams 2012; Borg, Winberg, and vinterek 2019). Riding a car is 
associated with fun, this noise and in the case of traffic jams also with boredom (Kopnina 2011; 
Melis et  al. 2020). Despite the ambivalent attitudes towards the car findings from Baslington’s 
study (2010) suggest that most students cannot imagine life without a car. Kopnina and Williams 
(2012) examine attitudinal differences based on socioeconomic status and find that students 
with higher socioeconomic status are more likely to negatively evaluate cars and driving than 
students with lower socioeconomic status. The sample in the study by Kester and colleagues 
(2019), which is characterised by a high popularity of cars, names sports cars (such as corvettes 
or custom-made Koenigsegg cars) as their favourite cars and BMW, Lamborghini, Audi, Ferrari, 
Porsche and Tesla in descending order as the most popular brands.

Attitudes towards public transport: Public transport is often rated less positively compared 
to other means of transport (Zwerts et  al. 2010; Stark et  al. 2018; Borg, Winberg, and vinterek 
2019; Stark, Singleton, and Uhlmann 2019). When students are asked to justify their attitude, 
divided opinions emerge. On the one hand, public transport is mainly associated with little fun, 
boredom and fatigue (Baslington 2010; Krämer 2014; Borg, Winberg, and vinterek 2019), while 
some positive evaluations also emphasise well-being and fun (Baslington 2010; Krämer 2014; 
Melis et  al. 2020). For vacation trips, students in Burghardt’s (2014) study express a preference 
for the train, with the plane being the top choice. However, none of the children wants to 
travel by bus. Zwerts (2010, 705) concludes that public transportation ‘has to cope with the 
‘unknown, unloved’ problem’, but at the same time higher frequency of use goes along with 
more positive attitudes towards public transport.

4.5.2.  Advantages and disadvantages of transport modes
Advantages and disadvantages of cars: Students mention the following advantages of cars: 
image and status, safety, freedom, comfort (the warmth and dryness, the ability to take friends 
and transport objects), appearance and speed, a feeling of being home, silence and the possi-
bility to travel (Baslington 2010; Zwerts et  al. 2010; Kopnina 2011; Kopnina and Williams 2012; 
Krämer 2014; Borg, Winberg, and vinterek 2019; Kester, Sovacool, and Heida 2019; Sovacool, 
Kester, and Heida 2019; Stark, Singleton, and Uhlmann 2019). The importance of car-provided 
comfort was found to be higher for girls and older students compared to boys and younger 
students (Zwerts et  al. 2010). Furthermore, the status associated with cars is more important 
to students from a lower socio-economic status group (Kopnina and Williams 2012). In the study 
by Melis and colleagues (2020), half of the preschool students assess the impact of cars on the 
environment as positive, 43% as negative and 7% are unable to provide an evaluation. Among 
those who view the car’s effects on the environment positively, none of the children mention 
environmental justifications. The reasons cited were utilitarian (e.g. ‘By driving a car we can 
avoid to bicycle or walk’ (Melis et  al. 2020, 8)), emotional and, in the majority of cases, were 
not explained. These results illustrate that the negative impact of cars on nature and the envi-
ronment is not clear to all preschool students.

Students are aware of several disadvantages of the car. The highest-rated disadvantages relate 
to health and the environment, largely due to pollution (Kopnina 2011; Krämer 2014; Borg, 
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Winberg, and vinterek 2019; Kester, Sovacool, and Heida 2019; Stark, Singleton, and Uhlmann 
2019). cars are perceived as posing risks to pedestrians and vulnerable road users, as well as 
being a source of noise pollution (Kopnina 2011; Kopnina and Williams 2012; Sovacool, Kester, 
and Heida 2019). They are associated with high costs and negative experiences such as motion 
sickness and unpleasant smell (Kopnina 2011; Krämer 2014; Kester, Sovacool, and Heida 2019; 
Sovacool, Kester, and Heida 2019). In contrast, few students perceive space use by cars negatively 
(Kopnina and Williams 2012; Kester, Sovacool, and Heida 2019; Sovacool, Kester, and Heida 2019). 
Beyond that, hardly any students mention the small number of seats and the use of limited 
natural resources (Borg, Winberg, and vinterek 2019). The study by Kopnina and Williams (2012) 
shows that awareness of car-related pollution is significantly higher among students from higher 
socioeconomic backgrounds. Furthermore, land use by cars is more often negatively evaluated 
by students with higher socioeconomic status. These results are also reflected in the fact that 
41% of the surveyed students with lower socioeconomic status, as opposed to only 8% with 
higher socioeconomic status, see no disadvantages of cars. In line with the findings from the 
preschool study, Stark and colleagues (2019) reveal that children between the ages of 12 and 
13 rate cars as more polluting and less healthy than students between the ages of 8 and 9. 
Furthermore, girls are more sensitive than boys to the negative impact of cars on the environ-
ment (Zwerts et  al. 2010). Out of 43% of preschool children who view cars negatively in terms 
of their impact on nature, 40% offer explanations focusing on the environment (e.g. exhaust 
emissions from the car, warming of the environment, air pollution). Other justifications relate to 
utilitarian ideas like the destruction of roads or the risk of accidents (Melis et  al. 2020).

Advantages and disadvantages of electric cars: Looking at the results for electric cars, nearly 
all students were able to point out the advantages of electric cars over conventional cars, 
including being environmentally friendly and quieter. However, knowledge about the faster 
acceleration of electric cars was relatively limited (38.3%), whereas 71.2% of students recognise 
the limited range and 82.8% acknowledge the longer charging times associated with electric 
cars (Kester, Sovacool, and Heida 2019; Sovacool, Kester, and Heida 2019).

Advantages and disadvantages of cycling: Results for cycling and scooters indicate that stu-
dents see them as environmentally friendly and healthy (Zwerts et  al. 2010; Krämer 2014; Borg, 
Winberg, and vinterek 2019; Stark, Singleton, and Uhlmann 2019; Melis et  al. 2020). Moreover, 
students emphasise advantages like flexibility, fun, the social aspect, as well as perceptions and 
experiences on the way (Zwerts et  al. 2010; Krämer 2014; Melis et  al. 2020). Younger children 
more frequently perceive bicycling as cool and good for conversation than older children (Stark, 
Singleton, and Uhlmann 2019). For cycling, but also all modes of transportation, it appears that 
the social component is important for students and especially for girls compared to boys (Zwerts 
et  al. 2010). In addition, results from preschool children show that 61% consider cycling to be 
environmentally friendly, but the majority is unable to explain why. The justifications relate to 
human health and only a few (5%) to the environment (Melis et  al. 2020).

Findings from studies involving preschool students reveal that 16% consider cycling to be 
environmentally unfriendly (Melis et  al. 2020). Students either give utilitarian justifications (e.g. 
‘People can abandon their bike in nature’ (Melis et  al. 2020, 11), ‘You can hurt yourself if you 
fall from the bike’ (11)) or were unable to explain. Another study involving preschool children 
indicates that only a very small percentage (1.9%) identifies cycling as detrimental to the envi-
ronment. The reason given was the risk of injury (Borg, Winberg, and vinterek 2019). Results 
from studies involving primary school children don’t report disadvantages. The students seem 
to be aware of the benefits of cycling for both humans and the environment.

Advantages and disadvantages of walking: Students place a high value on walking, indicating 
that it is a very healthy and environmentally friendly mode of transportation that offers oppor-
tunities for social interaction (Baslington 2010; Zwerts et  al. 2010; Krämer 2014; Borg, Winberg, 
and vinterek 2019; Stark, Singleton, and Uhlmann 2019). Moreover, students emphasise the fun 
and social aspects of walking, as well as the opportunity to observe and experience their 
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surroundings along the way (Baslington 2010; Zwerts et  al. 2010; Krämer 2014). Older children 
assess walking as slightly healthier, more environmentally friendly and the image as less cool 
than younger students (Stark, Singleton, and Uhlmann 2019). Students are also aware of the 
disadvantages of walking as it can be affected by the weather and can be exhausting (Krämer 
2014). In addition, students emphasise hurting legs and the slow speed (Baslington 2010). 
Students from preschool assessing walking as bad for the environment (20.8%) refer to personal 
comforts like sore legs or risk of accidents (Borg, Winberg, and vinterek 2019).

Advantages and disadvantages of public transport: Students mention the social aspect, 
self-determination, freedom and comfort (protection when the weather is bad, possibility to 
rest) as advantages of public transport (Baslington 2010; Zwerts et  al. 2010; Borg, Winberg, and 
vinterek 2019). Furthermore, students rate buses positively due to their low cost and flexibility 
and trains because of their low cost, safety, speed, long-distance travel options and the oppor-
tunity to see nature (Krämer 2014; Melis et  al. 2020). Students in the study of Krämer (2014) 
are not sure about the environmental impact of buses and trains. Therefore, some students 
characterise them as environmentally friendly and others as environmentally harmful. In another 
study, 16% of preschool students rate buses positively for the environment, with one child 
arguing that many people can travel together (Borg, Winberg, and vinterek 2019). Most preschool 
students view trains as environmentally friendly, although they couldn’t provide explanations 
or offer practical ones like ‘By train, we can travel and see nature’ (Melis et  al. 2020, 10). very 
few provide environment-related explanations like ‘the train doesn’t use so much gases’ (9). In 
the study by Burghardt (2014), a child justifies choosing the train over the bus based on the 
mode of transport’s length and lower energy consumption, while another child justifies the 
choice of the train as the most environmentally friendly means of transportation due to the 
absence of exhaust emissions and only the consumption of electricity.

Students in the studies by Stark and colleagues (2019) and Krämer (2014) also mention the 
disadvantages of public transport, such as its negative effects on the environment and health, 
longer travel durations and a lack of privacy. Additionally, one child in Borg and colleagues’ 
study emphasises that bus travel was not enjoyable due to the lack of comfort (Borg, Winberg, 
and vinterek 2019). In preschool, more than half of the surveyed students consider buses harmful 
to the environment (Borg, Winberg, and vinterek 2019). A small percentage of preschool students 
(9%) who rate trains as environmentally unfriendly either do not explain or give environmental 
or utilitarian-related explanations (‘Trains can drive on animals’ (Melis et  al. 2020, 10), ‘The train 
is polluting’ (10)). Furthermore, results from primary school students in Austria show that older 
students were more critical of public transport in terms of its environmental and health impact 
than younger students (Stark, Singleton, and Uhlmann 2019).

Advantages and disadvantages of aeroplanes: Looking at long-distance travel options (ships 
and planes), students see advantages in aeroplanes in terms of speed, safety and comfort (the 
ability for families to stay together, sleep and talk) (Burghardt 2014). In the study by Melis and 
colleagues (2020), more than two-thirds of preschool students express a positive impact of 
flying on the environment, 20% rate it negatively and 12% are unsure. Some can not explain 
their positive attitude, while others provide utilitarian or practical explanations (‘By plane, I can 
visit other countries’ (Melis et  al. 2020, 9)). very few explanations relate to the environment (‘If 
you fly, you avoid driving over animals’ (10)) and feelings. negative evaluations of aeroplanes 
are justified by environmental explanations (‘Flying is not good because aeroplanes release a 
lot of cO2’ (10)) or no explanation, with a few explanations relating to utilitarianism. One girl 
in this study is aware of the disadvantages of private jets.

4.5.3.  Transport knowledge and experience
car knowledge and experience: Regarding students’ experiences with cars, they discuss family 
holidays, visiting friends, relocating, witnessing or being involved in accidents, or being stuck 
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in traffic (Kopnina 2011). Some students also encounter car sickness (Kopnina 2011; Kopnina 
and Williams 2012). In terms of factual knowledge, students exhibit a good ability to estimate 
the prices of both conventional and electric cars. They consistently assess the price of electric 
cars as higher than that of conventional cars. This may be because most students are familiar 
with electric cars, having seen one in the past, but not having driven one (Kester, Sovacool, 
and Heida 2019; Sovacool, Kester, and Heida 2019). children generally associate sustainable cars 
not only with electric cars but also with small cars, clean cars, those with low energy consump-
tion or cars powered by water and solar energy. children occasionally point out the ongoing 
high costs and challenges, such as concerns like ‘[…] those solar batteries don’t last long’ 
(Kopnina 2011, 577) when discussing technical innovations.

cycling and walking knowledge and experience: Students express a variety of experiences 
with walking and bicycling, such as ‘You can see birds and other animals, sometimes they are 
dead’ (Zwerts et  al. 2010, 704), ‘You can enjoy nature’ (704), ‘[…] you can smell nature’ (704), 
‘The crunching of little stones’ (704). They also mention destinations and routes of walking 
(Baslington 2010). Preschool students mention having limited experience with bicycles (Borg, 
Winberg, and vinterek 2019). Some students also talk about showing each other bicycle routes 
(Baslington 2010) or shortcuts on the way to school (Torres et  al. 2020). When asked about 
bike sharing, children associate it primarily with a fee-based service for renting bicycles within 
a specific area in a city. Definitions that describe the free use or unlimited use of bicycles as 
an alternative to public transport were chosen less frequently (Sipone et  al. 2021).

Public transport knowledge and experience: children in the study of Sipone and colleagues 
(2019) are not able to describe the meaning of collective transport when being asked an open 
question. A questionnaire study with these students reveals that three-quarters associate mass 
transport with timetables, routes and vehicles like buses, trains and trams. 20% associate mass 
transport with timetables and routes in conjunction with cars and motorcycles, and 15% link 
it to a mode of transportation for individuals without their cars (Sipone et  al. 2021). One 
student even points out that buses can also be powered by electricity to reduce pollution 
(Sipone et  al. 2019), while another notes that electric trains emit less cO2 (Melis et  al. 2020). 
Additionally, children struggle to define the concepts of transport mode and transport type 
(Sipone et  al. 2019). They can list common modes of public transportation available in their 
city but mention mechanical stairways, trains and rented bikes less frequently than for example 
busses (Sipone et  al. 2021).

4.5.4.  Conceptions of sustainability and the environment
Before looking at the findings on students’ conceptions of sustainable mobility, the findings on 
sustainability are summarised. Overall, the studies show that it is a challenge for students to 
define the term sustainability. In the study by Burghardt (2014), students were not able to define 
the term, but they could mention key aspects of the principle, such as the careful use of water 
and energy. In the study by Sipone and colleagues (2019), students also expressed doubts about 
the definition. Despite these uncertainties, students associate sustainability with protecting the 
environment, caring for the environment and a place without pollution or a place where pollution 
is prohibited and nature is respected (Burghardt 2014; Sipone et  al. 2019). The study by Sipone 
and colleagues (2019) also reveals a misconception about sustainability, as students categorise 
support for people with disabilities as sustainable, but not with the lack of accessibility in public 
spaces. The aspect of citizens taking responsibility for the environment is also reflected in stu-
dents’ conceptions of the environment, as it is described as a clean place that needs to be cared 
for and looked after (Borg, Winberg, and vinterek 2019; Sipone et  al. 2019). In line with these 
conceptions, students associate a polluted environment with people who contribute to and are 
responsible for pollution. consequently, a cleaner and more sustainable environment requires 
people’s participation (Özsoy 2012). Students’ conceptions of a sustainable city seem to be 
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compatible with the idea of sustainability and the environment, as it is defined (when choosing 
from three definitions) mainly as a city whose inhabitants take care of the environment, the 
economy and social justice. nevertheless, the students’ responses show that some do not attach 
importance to economic activity in a sustainable city (Sipone et  al. 2021).

4.5.5.  Conceptions of sustainable mobility
The findings on students’ conceptions of sustainable mobility show that students associate 
sustainable mobility with low pollution, but children’s ‘reasons were restricted to expenditure 
on gasoline, little pollution’ (Sipone et  al. 2019, 6). The concept of little pollution is associated 
with green spaces and green zones. The results of a word cloud used in the same study also 
indicate that sustainable mobility is strongly associated with nature, followed by green, factories, 
sustainability, animals and traffic jams (Sipone et  al. 2019). These associations show that the 
concept of sustainable mobility is not clear to all students, as they also name polluting phe-
nomena. However, with images of urban mobility, students can classify them as sustainable and 
unsustainable (Sipone et  al. 2019). Two further studies from Turkey (Özsoy 2012; Özsoy and Ahi 
2014), in which students drew pictures of the (future) environment, provide further evidence 
of students’ conceptions of the clean and polluted city. Summarising, the students characterise 
as follows:

Sustainable: fewer cars, zero-emission cars, electric cars, green areas with trees, non-polluting 
modes of transport (such as bicycles), cycle lanes, traffic-calmed zones, zebra crossings, parking 
with free spaces, access ramps to bus and metro stations, pedestrian areas;

Unsustainable: lots of cars, emissions, factories, unbreathable places, noisy cars, traffic jams, 
streets without pedestrian crossings, untidy cities, areas without public transport and bicy-
cle lanes.

The results show that unsafe, untidy, dirty and inaccessible traffic areas are considered 
unsustainable, whereas orderly, safe and clean mobility is characterised as sustainable (Sipone 
et  al. 2019). In another study by Sipone and colleagues (2021) students were given three defi-
nitions of sustainable transport. The majority associate it with reducing negative environmental 
impacts by using fewer polluting modes of transport and less frequently define it as using their 
car or public transport.

Looking at specific mobility infrastructure in cities, the results show that cycle lanes are 
mainly associated with weekend, leisure and school trips. Students highlight the purpose of 
promoting cyclist safety and speed, while students don’t associate it much with encouraging 
cycling (Sipone et  al. 2021). concerning pedestrian zones most of the students think they allow 
pedestrians to circulate freely and stop cars entering the area, whereas only a few say they 
were to create more public space or reduce pollution (Sipone et  al. 2021). concerning the 
design of traffic space, the findings show that students can name several traffic calming mea-
sures (e.g. pedestrianisation of the street, road signs, speed bumps) and interventions in their 
living environment. They are also able to evaluate their effectiveness, expressing a critical view 
of informational measures (Torres et  al. 2020).

4.5.6.  Visions of the future mobility (space)
In terms of the future development of personal car-based transportation, the results indicate 
that students predominantly focus on cars and their enhancement through technological inno-
vations. Using a cluster analysis, the study conducted by Kester and colleagues (2019) identified 
the following four groups of future visions:

•	 ‘Alternative Fuels’ (n = 210): Shifting to alternative fuels;
•	 ‘Better car’ (n = 130): Enhancing a car’s energy efficiency and safety;
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•	 ‘vroom!’ (traditional flashy automobility) (n = 127): Increasing the number of cars and 
promoting larger cars, along with expanding road infrastructure and parking facilities;

•	 ‘car Free’ (n = 120): Reducing car-based transport and increasing the use of public trans-
port, creating more car-free zones and making cars more expensive.

Looking at gender differences the results indicate that girls rate safety and the reduction of 
car-based transport more positively than boys, for whom the conversion of cars to other fuels 
is more important (Sovacool, Kester, and Heida 2019). The results of Kopnina and Williams’ study 
(2012) also reveal that awareness of the necessity to shift from fuel-based to alternative pro-
pulsion methods is more prevalent among students from higher socioeconomic backgrounds. 
conversely, the belief that larger roads and more streets enhance safety is more commonly 
supported by students from lower socioeconomic backgrounds, who tend to favour expanding 
the built environment to promote car usage. Students with higher socioeconomic status are 
more likely to vote in favour of establishing car-free areas.

There are contradictory findings concerning students’ expectations of their future mobility 
behaviour. On the one hand, studies show that many students surveyed want to learn to drive 
and own a car in the future (Krämer 2014; Kester, Sovacool, and Heida 2019; Sovacool, Kester, 
and Heida 2019). On the other hand, students in Kopnina’s study (2011) are particularly likely 
to express that they do not want to own a car in the future and that other people should not 
own a car either. Few students in Baslington’s study (2010) also emphasise that they would not 
drive in the future for environmental reasons or that they would limit their driving. Some chil-
dren want to own a particular car, such as one girl who dreams of having the same big, safe 
car as her mother, or another girl who imagines buying a ‘Ferrari! Black one! They are so great, 
they are the fastest and very expensive!’ (Kopnina 2011, 577). The first girl also expresses doubts 
as to whether these cars would be sold at all (Kopnina 2011). The results show that few students 
question the car as a means of personal transport in the future and mention the need to 
change the modal split due to the environmental impact. Results from Kopnina & Williams 
(2012) show that the number of students who would like to own a car later in life is almost 
four times higher among students from lower socioeconomic groups than among students from 
higher socioeconomic backgrounds.

In terms of other modes of transport, students see themselves walking less in the future 
(Krämer 2014). On the other hand, in the study by Baslington (2010), walking is mentioned as 
an alternative by a child who wants to drive less for environmental reasons (‘I’d try to walk to 
the shop…’ (Baslington 2010, 128)). A student in Borgs’ study (2019) emphasises that he wants 
to learn to ride a bicycle in the future. In contrast, public transport such as buses and trains 
are the least popular for students’ future mobility behaviour (Krämer 2014).

If the entire public space is considered more closely, students from Turkey create visions of 
the future environment that can be categorised into the following dominant conceptions: pol-
luted environment (40.3%), technological environment (31.2%) and clean environment (28.5%). 
clean visions of the future include many of the points already mentioned under the aspect of 
sustainability, such as green spaces, few cars and no exhaust fumes. The conceptions of a pol-
luted environment also coincide with the aspects mentioned when describing an unsustainable 
city. In addition to these conceptions, some students see a future characterised by technology 
with flying cars, flying people, flying houses, skyscrapers, rockets (journey to other planets), 
robots and UFOs (Özsoy and Ahi 2014).

In the future students wish for short distances between important places (Weihrauch 2014). 
For traffic calming, the students recommend approaches that change the street configuration, 
narrow lanes and install speed bumps, change lane geometry and separate vehicular traffic 
from pedestrians and cyclists. According to the students, these ‘hard’ measures are only suc-
cessful if they are used or applied consistently in an area and force people to change their 
behaviour (Torres et  al. 2020).
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5.  Discussion of findings

5.1.  Constructs and topics investigated
In the field of sustainable mobility, several constructs related to students’ conceptions have 
already been investigated, but for most, no definition or theoretical underpinning is given, 
although that would be significant. According to the definition of student conceptions in this 
SLR, constructs like attitudes and knowledge can be subsumed under the term student con-
ceptions and therefore represent a central learning prerequisite; however, there are differences 
in the definition of these constructs with implications for their survey (Schön, Stark, and Stark 
2018). To provide a valid measure and to distinguish constructs from each other, it would be 
beneficial for the future to define the construct under investigation. This could promote con-
sistency within studies and lead to a highly differentiated field of research findings. Moreover, 
the theoretical underpinning can emphasise the relevance of the construct under study. This 
seems particularly important in the field of sustainability, as it is assumed that students’ ways 
of thinking will somehow be reflected in their future actions (Stern 2000).

Regarding the topics already analysed in the field of student conceptions, a very heteroge-
neous field emerges, with transport and its impact on the environment being a particular focus 
of investigation. For further research, it seems worthwhile to analyse students’ conceptions 
about future mobility, innovations in vehicles and energy production or to deepen students’ 
understanding of a sustainable and equitable mobility system. In addition to the construct of 
students’ conceptions, it also seems worthwhile to keep an eye on attitudes, as they may have 
an impact on future behaviour (Ajzen 1991). As the only two intervention studies deal with 
knowledge and perceptions of sustainable mobility, there is room for further research in terms 
of both the choice of construct and the choice of topic.

5.2.  Research methodological approaches
The selected research methodologies in the studies show that there are already several quali-
tative and quantitative studies. While qualitative studies use interviews or focus groups to explore 
reasons for advantages and disadvantages or more complex relationships such as the impact 
of transport modes, the quantitative approaches provide insights into students’ conceptions 
from larger samples. In Baslington’s mixed methods study (2010), travel diary, questionnaire and 
focus groups were used to validate and complement each other’s research findings (Kelle 2019). 
In this way, the aim is to obtain the most representative, valid and multifaceted study of stu-
dents’ conceptions, taking into account their travel behaviour. In the other two mixed methods 
studies (Özsoy and Ahi 2014; Weihrauch 2014), the data were analysed using qualitative and 
quantitative evaluation methods. As most studies are cross-sectional, they provide a compre-
hensive understanding of the state of students’ conceptions of sustainable mobility. Only two 
studies analyse the effects of teaching projects on ESM as quasi-experimental intervention 
studies, in both cases without a control group. This is a potential desiderate for future research 
projects because, except for these two intervention studies, there has been no scientific eval-
uation of whether and to what extent the different ESM approaches have an impact on children’s 
thinking and acting (Schwedes et  al. 2021). In terms of research design, the results could be 
improved by adding a control group to ensure that any effect attributed to an experimental 
group is due to the intervention and by adding a follow-up survey, to show the extent to which 
the development of students’ conceptions has been sustained. This is particularly important 
when focusing an ‘Education for…’ (Simonneaux, Tutiaux-Guillon, and Legardez 2012), as it is 
linked to the expectation that the conceptions developed through the intervention will be 
retrieved when participating in the design of a sustainable world, thus contributing to the 
realisation of socially and ecologically just mobility. For further studies, it also seems worthwhile 
to investigate the generalisability of the results of the qualitative studies to larger groups of 
students.
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In terms of the data collection methods used in the studies, we found a wide range and have 
highlighted how these can influence the findings about students’ conceptions in the results sec-
tion. As we cannot analyse this impact in detail, we would like to illustrate it here with two 
examples: The studies by Sipone and colleagues (2019, 2021) show that students cannot define 
complex terms based on an open question, whereas conceptions are expressed when three 
definitions are given. Furthermore, the task of choosing one out of three definitions has its lim-
itations, as in some cases, more than one definition given contains important and correct aspects. 
The results on the future of personal car-based transportation must also be viewed critically due 
to the way they were collected. The items from the study by Kester and colleagues (2019) only 
allow statements to be made on the two strategies of shifting and improving private car-based 
transport, as the questionnaire only includes items on these two concepts and on expanding the 
status quo. Therefore, it would be interesting to carry out a study that includes the two strategies 
of avoiding traffic and promoting transport equity, thus covering the four central strategies for 
transforming the mobility system (Hennicke et  al. 2021). However, some survey methods prove 
to be very useful in addressing the research question. In particular, the study by Torres and col-
leagues (2020) used the walking tour as a so-called mobile method (Büscher, Urry, and Witchger 
2011) in which students express their thoughts on traffic calming measures during a tour, thus 
sharing their perceptions directly in motion and on-site. In summary, these explanations show 
that differences in the characteristics of students’ conceptions may also be due to the method 
and situation of data collection and the input and scaffolding provided during the process.

5.3.  Goals of ESM
The identified goals of ESM show that these mainly correspond to the instrumental approach 
of ESD. Goals focussing on the emancipatory or transformative approach of ESD (Pettig and 
Ohl 2023b), on the other hand, are rarely formulated, despite the multiple potentials associated 
with both ESD approaches in the context of sustainable mobility. The identified objectives 
corresponding to ESD 2 show that the topic not only requires competencies that enable stu-
dents to deal with complex, uncertain and future-oriented questions but also promotes the 
development of transformative relevant competencies (e.g. systems thinking, future thinking) 
(Redman and Wiek 2021)), which are of great importance for students’ future participation. In 
addition, ESM offers the potential for the implementation of transformative learning, which has 
been underexplored. The stated goals of collaboration in the learning process and the promotion 
of collective action link ESM and transformative learning, as one goal of transformative education 
is to transform the classroom into a democratic space in which everyone can actively participate 
and take responsibility (hooks 1994). Moreover, with this goal the link between ESM and global 
citizenship education, which combines several approaches to political education and can be 
understood as education for transformation, becomes clear. The term citizenship encompasses 
the following three central dimensions: the legal status as a citizen, the right to political par-
ticipation, which only becomes relevant through active involvement in political and social 
processes, and the feeling of connectedness that develops from social ties in society (Grobbauer 
2016). In particular, the last two points of empowering participation and feeling as part of a 
collective with demands and opportunities for action should be promoted when negotiating 
future scenarios of a (liveable) mobility with methods such as simulations (Gryl, Borukhovich-Weis, 
and Lehner 2023) or visions (Gschirr, Schuster, and Ohl 2023). Objectives such as these can 
contribute to transformative learning, although they do not aim at a comprehensive reflection 
of ways of thinking, feeling and acting as a fundamental objective of transformative learning.

Given the multiple challenges we are facing nowadays the goal of ESD and ESM must be 
to enable students to actively participate in the sustainability discourse (Rieckmann 2016). This 
presupposes a ‘competent and adequate engagement with key problems facing humanity’ (Stein 
2017, 66), thus requiring critically questioning, future-oriented, meaning-seeking and creative 
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ways of dealing with sustainability issues (Spitta 2020; Schwedes et  al. 2021). This requires skills 
that enable students to rethink, combine, imagine, critique and persuade, rather than simply 
adopt predetermined behaviours. ESM must therefore increasingly focus on the objectives of 
ESD 2 and 3 in the future, as this provides training in systems thinking, critical analysis and 
reflections on sustainable mobility policies. Transformative approaches are important as they 
foster the reflection of previously unquestioned assumptions. This seems particularly necessary 
in the field of mobility, where we have been treading water for several decades, despite scien-
tific findings. It requires a fundamental rethink to create sustainable transport and a future 
mobility space worth living in. Scientific evidence shows that technical innovations can contribute 
to climate protection, but do not yet represent a comprehensive transformation of the mobility 
system. Rather, they are an integral part of a far-reaching societal transformation that will bring 
about greater participation and equality through mobility for all (Hennicke et  al. 2021).

5.4.  Student conceptions
Summarising the results on students’ conceptions of sustainable mobility, it is possible to identify 
factors that influence the development of students’ conceptions of sustainable mobility, which 
we discuss below.

Socio-economic status: The results suggest that socio-economic status is one of these factors. 
Students from higher socio-economic backgrounds are more critical of the current car-centred 
status quo of the mobility system than students from lower socio-economic backgrounds. These 
students are also more aware of the environmental pollution and the high land consumption 
caused by cars. The vision of the future of students from higher socio-economic backgrounds 
is also consistent, as the shift from fuel-based to alternative propulsion methods and the estab-
lishment of car-free zones are more prevalent among these students. Students from lower 
socio-economic backgrounds, on the other hand, are more likely to favour the development of 
car infrastructure to make driving more attractive. Due to the influence of socio-economic status 
on students’ conceptions of sustainable mobility, it can be concluded that critical reflection on 
cars and their environmental impact, as well as the benefits of alternative modes of transport, 
should be emphasised, especially among students of lower socio-economic status.

Personal experience: Another influencing factor reflected in students’ conceptions is their personal 
experience of mobility. As mobility is a central part of students’ lives, they have a wide range of 
experiences that influence their thinking. In particular, students often draw on their own experiences 
when evaluating different modes of transport and justifying their attitudes. It has also been shown 
that more frequent use of a particular mode may be associated with a more positive attitude 
towards that mode. It is conceivable, for example, that a more negative view of public transport 
as a result of negative experiences leads to less frequent use. Based on research findings, it can 
also be assumed that the social environment influences these attitudes and the use of public 
transport (Pike and Lubell 2018). The direct quotes about students’ experiences of walking and 
cycling suggest that these situations involve intense engagement with nature and the environment. 
They involve perceptions with all the senses, for example when describing ‘The crunching of little 
stones’ (Zwerts et  al. 2010, 704), and illustrate how varied and memorable children’s experiences 
are when they are actively moving. As the experience with active and sustainable transport influ-
ences students’ conceptions, this could be a starting point for field trips with students. By experi-
encing mobility alternatives together, feeling these experiences and reflecting on the associated 
benefits, it is possible to stimulate reconstructions in the sense of transformative learning (Schild, 
Leng, and Hammer 2019) and thus build up and try out new perspectives.

Personal experiences are also reflected in the students’ conceptions of sustainability, as they 
mainly mention everyday behaviours such as the conscious use of water. Students’ conceptions 
about sustainable mobility, which are primarily associated with pollution reduction (e.g. exhaust 
fumes, dirt) and this in turn with green spaces, also reflect what students see and experience. 
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Furthermore, it can be assumed that the (cultural) meaning of the colour green plays an import-
ant role, as it can symbolise freshness and life (caivano 1998) and can be understood as a 
symbol of man’s closeness to nature (Taçon 1999). In terms of sustainable mobility, this can 
exactly imply what the students describe: air without exhaust fumes, urban greenery and people 
caring for the environment. However, open questions on the understanding of sustainable 
mobility also show that the concept is not always correctly defined, leading to the conclusion 
that students do not have a consistent understanding of the concept. They can articulate an 
understanding of sustainable mobility that goes beyond the ecological dimension to include 
safety and accessibility, with the help of pictures. This shows that students’ understanding of 
sustainability is limited to ecological aspects and cleanliness, understood primarily in terms of 
environmental protection and the prohibition of pollution. They are aware that humans are 
responsible for pollution and that humans can change and transform, but they are not aware 
of the multidimensionality of the concept of sustainability, although most students think of the 
social and economic dimensions when given definitions.

The results on mobility infrastructure highlight the importance of freedom of movement, 
speed and safety for cycling and walking. The redistribution of public space to the detriment 
of car traffic through the development of cycling infrastructure and the deliberate creation of 
more public space is given less importance. These priorities for infrastructure design may be 
based on personal experience, especially where safety is concerned, but they may also be based 
on values that are firmly established in society. Efficiency and speed have shaped the mobility 
system since the beginning and, at the latest, with the call for a city adapted to cars (Reichow 
1959). The results suggest that students are equally concerned with the efficiency of mobility. 
This value plays a role in promoting sustainable mobility, as it is a way to increase the attrac-
tiveness of walking and cycling and thus contribute to modal shift (Böhler-Baedeker, Hüging, 
and Gruber 2011). nevertheless, the reallocation of public space to the detriment of car traffic, 
which is less important to students, is an essential step towards sustainable mobility. On the 
one hand, the development of cycling infrastructure and public space supports the strategy of 
shifting traffic to environmentally friendly modes. On the other hand, it considers the imple-
mentation of intermodal and multimodal mobility. In the sense of creating more equity in 
transport, this should abolish the privileged status of automobility, enable increasingly equal 
access opportunities to sustainable mobility and eliminate the unequal distribution of risks and 
burdens caused by car traffic (Hennicke et  al. 2021). There is a growing need to rethink the 
value of transport modes in order to achieve a people-centred city, where people want to stay 
and move around, rather than a car-centred city. Similar to the results on students’ conceptions 
of the future of private car-based transport, these results indicate a high emotional and symbolic 
importance of the car, with little consideration of fundamental changes in space. In contrast, 
students only consider traffic calming measures to be effective if they are ‘hard’ measures that 
change the geometry of streets.

Social environment: Another influencing factor that needs to be emphasised is the students’ 
social environment. Today’s children are growing up in a car-dependent society (Jeekel 2013), 
which is often reflected in families and has a significant influence on mobility behaviour (Freeman 
and Quigg 2009) and student conceptions of sustainable mobility. Therefore, the benefits of 
cars, such as speed, status and aesthetics are often not critically questioned. Students prefer 
sports cars and can name several car brands. Regarding future visions of car-based transport, 
it is striking that most of the students surveyed continue to believe in the car as the means 
of transport of the future. Students in the first and second clusters believe in efforts to reduce 
cO2 emissions and energy consumption by switching to alternative fuels and improving cars 
with regard to the four core strategies of transition in the transport sector (Hennicke et  al. 
2021). Although these groups are aware of the need to reduce pollution from cars, the future 
is still assumed to be car-centred. The same applies to the third cluster, as this group of stu-
dents also does not question the current car-based mobility system and expects its infrastructure 
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to continue to grow. Only the fourth group advocates for a reduction in car-based transport 
and an expansion of public transport. This perspective is in line with the modal shift strategy 
for implementing sustainable mobility (Böhler-Baedeker, Hüging, and Gruber 2011). Overall, the 
students largely envisage a future characterised by climate-friendly cars, but in which cars will 
continue to play a central role in the mobility system. In contrast, a greater shift to public 
transport and changes to the transport environment (e.g. the creation of car-free zones) are 
less frequently seen as future visions, even though these strategies could make a key contri-
bution to achieving sustainable mobility, as a modal shift could lead to cO2 savings and con-
tribute to greater transport equity.

The data show that students are aware of discussions about electric cars in their social envi-
ronment, as they can describe the advantages and disadvantages of electric cars and name Tesla 
as one of their favourites. Students can also estimate the price of electric cars very well. In 
summary, the results show that students have included e-mobility in their vision of future mobility 
for both private and public transport. nevertheless, it becomes clear that the students not only 
consider electricity to be a sustainable means of propulsion but also define small cars and cars 
that are powered by water or solar energy as being climate-friendly. This may reflect the con-
troversial discussions about ‘sustainable’ cars in politics, society and, in some cases, families. As 
it can be assumed that this topic and at least the whole field of sustainable mobility is discussed 
critically and controversially in the students’ social environment it seems reasonable to ask about 
the origin of students’ knowledge within the survey to be able to assess the influence of the 
parents or, ideally, to ask the parents about their attitudes in a separate questionnaire.

Age: Another factor influencing students’ conceptions is their age. It can be seen that pre-
school children are not always able to explain the advantages and disadvantages of different 
modes of transport or that these are not consistently stringent (e.g. ‘If you fly you avoid driving 
on animals’, Melis et  al. 2020). This is particularly evident in the assessment of the environmental 
impact of cars, trains, buses and aeroplanes. Preschool students also use other means of trans-
port to justify the advantages and disadvantages of different modes of transport (‘By driving 
a car we can avoid to bicycle or walk’, Melis et  al. 2020) or include their own experiences and 
feelings. For example, when discussing the disadvantages of cycling, they refer to the risk of 
injury or, in the case of buses, waiting time and getting hungry. If students become aware of 
this inconsistency in their justifications or the limited range of their conceptions and are dis-
satisfied with their explanations (Posner et  al. 1982), a key condition for conceptual change 
may be met. The results suggest that students experience this dissatisfaction during the tran-
sition between preschool and primary school, as the environmental impacts of different modes 
of transport are largely clear by primary school age. Even at primary school age, the arguments 
of land use and capacity are hardly considered when it comes to the environmental impact of 
the car. Buses and trains also reveal uncertainties in students’ assessment of the LcA (Life cycle 
Assessment). In the case of buses, the results show that the advantage of higher capacity is 
not always present and in the case of trains, it is sometimes assumed that they have no or low 
emissions (due to the lack of visible exhaust fumes) because they are powered by electricity. 
The results show that some students do not know how trains are powered or how the energy 
used is produced.

Overall, the results show that with increasing age, students tend to take a more critical view 
of the environmental and health effects of public transport. The results are in line with students’ 
conceptions of the car, as here too it can be seen that older students consider the car to be 
more harmful to the environment and less healthy than younger students. As students get 
older, they become more aware of the negative environmental impact of transport and the 
urgency of change. In line with this, older students also rate walking as healthier, more envi-
ronmentally friendly and cooler than younger students. As the overall results of the review 
show that active and therefore sustainable transport is very popular in primary schools, there 
are very good starting points for promoting sustainable mobility practices at this age.
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Gender: The importance of the social component while travelling also highlights gender 
differences in students’ conceptions, as it is more important for girls than for boys. Similarly, 
comfort in the car is more important for girls and older students. The results on future expec-
tations also show that girls attach more importance to increasing road safety than boys, for 
whom technical innovations in cars to improve the ecological balance are of central importance. 
These results could be due to differences in interest in technical matters between girls and 
boys, which are already apparent at primary school age (Hartinger 2005). This may contribute 
to boys being more enthusiastic about technical activities and innovation, while girls are more 
concerned with people and their well-being.

Living environment: The students’ statements about their future mobility behaviour don’t 
give a homogeneous result. The contradiction in the results could be due to the living envi-
ronment of students and differences between urban and rural areas, contrary to the initial 
assumption that this is due to the year in which the study was conducted. The study by Kopnina 
(2011) surveyed students from Amsterdam, who may already be more exposed to the negative 
effects of traffic and for this reason, want to avoid driving in the future. In contrast, in studies 
from rural or intermediate regions (Krämer 2014; Kester, Sovacool, and Heida 2019; Sovacool, 
Kester, and Heida 2019), the car is mentioned as a future means of transport and is hardly 
questioned. Here, most students do not see the need for a redistribution of the modal split, 
which is underlined by their negative attitude towards their future use of buses and trains. 
These results suggest that the students’ spatial environment influences their conceptions.

Media: In addition to the influencing factors identified so far, students’ visions of the future 
suggest that the media also have an influence. From the images of flying cars, rockets to travel 
beyond the Earth and UFOs, it is not possible to identify which media in particular influence 
students’ conceptions. However, series such as PAW Petrol, which features various flying vehicles, 
could influence children’s conceptions about the future. It is also conceivable that reports on 
current technological innovations in mobility, such as flying taxis or drone deliveries, affect 
students’ conceptions. These influences lead to highly futuristic, sometimes extravagant and 
unrealistic ideas among students.

6.  Limitations and future directions

For the SLR, we analysed the reported results on students’ conceptions, without having access 
to the raw data. This means that we only refer to the authors’ reports of the study results and 
analyse them based on our research questions. In the case of the results on students’ concep-
tions, this means that there are more results from the studies on certain topics and fewer on 
others. As a result, some findings are confirmed more often than others and the results are 
therefore more or less robust. To fulfil the intention of a descriptive SLR (Xiao and Watson 2019) 
and to provide as comprehensive a summary of the current state of research as possible, we 
included all studies on primary school students’ conceptions of sustainable mobility, regardless 
of the spatial and social setting. This is a major limitation of the SLR, as we summarise and 
generalise findings from studies in different spatial, cultural and social contexts, without con-
sistently referring to these specific circumstances. However, we have considered these contexts 
where they were explicitly identified as relevant in the original findings or where conflicting 
findings emerged during the synthesis of the research findings within this review. There is 
another interesting aspect in this context: In terms of research methodology, we followed the 
typical procedure for preparing a SLR. The systematic search in the databases led us to the 
literature mentioned above. It turned out that articles from countries with strong economies 
dominated, which resulted in a certain bias. In addition, we only included literature written in 
English and German. This means that knowledge contained in literature written in other lan-
guages could not be considered.
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The discussion of the findings on students’ conceptions must be seen in the light of the 
above-described limitations of the SLR. Regarding the factors influencing students’ conceptions, 
we can only make evidence-based conclusions about factors that have already been analysed 
in prior studies (socio-economic status, age, gender). The results suggest that, in addition to 
these factors personal experiences, the social environment, the media and the student’s place 
of residence have an impact on students’ conceptions. Therefore, a comparative study analysing 
the differences in students’ conceptions of urban and rural areas could be enlightening. This 
could reveal the extent to which the spatial environment influences students’ conceptions of 
sustainable mobility. An explicit investigation of individual influencing factors (e.g. media, per-
sonal experiences) on students’ conceptions seems also worthwhile. As shared experiences in 
the transport environment represent a promising starting point for projects in ESM, the question 
arises as to how these experiences should be organised to trigger in-depth and comprehensive 
reflection processes among students. In addition, it seems beneficial to investigate links within 
the construct of students’ conceptions, such as the link between (personal) ideas about the 
future and knowledge about environmental impacts or attitudes towards transport modes.

concerning the assignment of the reported objectives to the ESD approaches it must be 
mentioned that this was not always apparent at first glance, as the objectives are often reported 
in a very superficial and all-encompassing manner. However, based on the verbs used, it could 
often be concluded that students take on a passive role, while teachers have an active, intentional 
position. This gives the impression that students are hardly seen as active, self-directed individuals 
who are to be empowered to act independently in controversial discussions in the future. This 
seems also contradictory given a moderate constructivist view of learning (e.g. Duit 1995) and 
especially given the necessary reflection processes of existing conceptions in the context of ESD 
(Pettig 2021). This is accompanied by the fact that the competencies to be developed are rarely 
identified, which is particularly surprising given that there are whole catalogues of necessary 
competencies (Redman and Wiek 2021) that students should develop to cope with socio-ecological 
transformation. For future ESM projects defining the competencies to be promoted among stu-
dents is important. This is also a key requirement for (empirical) evaluations of the effectiveness 
of EMS projects, which can ensure the quality of interventions.

To sum up the results of the SLR, intervention studies in the field of ESM are still lacking. 
Such an intervention could aim at an emancipatory and transformative approach and thus 
stimulate a profound reflection process among students (Pettig 2021), be oriented towards 
designing a mobility future worth living (Pettig and Ohl 2023b) and include different stake-
holders’ interests in terms of system thinking (Redman and Wiek 2021). According to Pettig and 
Ohl (2023a), who propose six guidelines for dealing with uncertainty in transformative education, 
it is important to create an equal dialogue without hierarchies in class. As students bring a 
variety of individual experiences with mobility into the classroom, it should be possible to 
create a learning environment in which all participants take responsibility for the problems and 
their solutions (Freire 1970) and actively participate in decision-making. In line with the guiding 
principles of transformative learning, the aim is not only to implement social learning but also 
to critically question power relations (e.g. the role of politics or the car industry in political 
decisions) (e.g. Lingenfelder 2020), which can be intensified in secondary education. These 
fundamental reflections on one’s conceptions as well as the complex negotiation processes in 
the context of sustainable mobility can be highly emotional, which requires an emotionally 
sensitive approach in which emotions can be articulated and analysed in terms of their causes 
and effects (e.g. by working with a learning diary) (Grund and Singer-Brodowski 2020).

As the students’ conceptions of sustainable mobility mostly refer to observable phenomena 
such as the reduction of emissions and thus only include the ecological dimension, there is a 
need to broaden the students’ conceptual horizon. The concept of sustainable mobility could 
be extended to include the social and economic dimensions by addressing them as part of an 
intervention. This seems promising considering the results of the conceptual reconstruction in 
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the intervention studies (Sipone et  al. 2019, 2021), which is not explicitly analysed in this SLR. 
However, the results suggest that students’ conceptions can be further developed, including 
sharpening conceptual knowledge and developing an awareness of social and economic issues 
in the discourse on sustainable mobility (capacity, costs, use of public space).
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Appendix A 

Table A2. databases and search details.

Eric (ProQuest) Web of science scopus
PsycinFo 

(EBscohost)
Fachportal 
Pädagogik oPac

document-level 
of inclusion

title, abstract, 
keywords

title, abstract, 
author 
keywords, 
keywords 
plus

article title, 
abstract, 
keywords

title, abstract, 
keywords

Freetext Free search

Basic options advanced 
search

advanced 
search

advanced 
search

advanced search advanced 
search

advanced search

content 
inclusion, 
auto 
options

Year (2010–
2023), language 
(English, 
German), journal 
articles, 
peer-reviewed

Year (2010–
2023), 
language 
(English, 
German), 
articles, review 
articles, early 
access

Year 
(2010–2023), 
language 
(English, 
German), 
article, review

Year (2010–2023), 
language 
(English, 
German), journal 
articles, review, 
peer-reviewed

Year 
(2010–2023), 
language 
(English, 
German)

uB augsburg 
catalogue, 
Bavarian library 
network, Year 
(2010–2023), 
language 
(English, German)

search date 03.03.2023 03.03.2023 03.03.2023 03.03.2023 03.03.2023 03.03.2023
number of 

search 
results 
(N = 2438)

n = 153 n = 868 n = 1079 n = 194 n = 70 n = 74

Table A1. search terms.

1 – school words 2 – student words 3 – mobility words

relevant words in 
categories to 
combine

“primary school*” or “elementary school*” 
or “early education” or “primary 
education” or “elementary education” or 
“early childhood education” or “grade 1” 
or “grade one” or “first grade*” or 
“first-grade*” or “1st grade” or “grade 2” 
or “grade two” or “second grade*” or 
“second-grade*” or “2nd grade” or 
“grade 3” or “grade three” or “third 
grade*” or “third-grade*” or “3rd grade” 
or “grade 4” or “grade four” or “fourth 
grade*” or “fourth-grade*” or “4th 
grade” or “grade 5” or “grade five” or 
“fifth grade*” or “fifth-grade*” or “5th 
grade” or “grade 6” or “grade six” or 
“sixth grade*” or “sixth-grade*” or “6th 
grade“ or “K-5“ or “K-6“

“student*” or “pupil*” or 
“child*” or “learner*” 
or “primary student*” 
or “elementary 
student*” or “primary 
school child*” or 
“elementary school 
child*” or “primary 
school student*” or 
“elementary school 
student*” or 
“schoolchild*” or 
“school child*” or 
“kid*”

“mobility” or “sustainable 
mobility” or “electric 
mobility” or “electric 
vehicle*” or 
“sustainable mobility 
education” or “mobility 
education” or 
“e-mobility” or “future 
mobility” or “traffic” 
or “sustainable 
transport*” or 
“transport mode*” or 
“mode of transport” or 
“travel mode*” or 
“mode of travel” or 
“built environment”

Boolean combinations:.
For Web of science, scopus, PsycinFo, Eric: 1 and 2 and 3.
combination for German databases:.
“Grundschule “and “schüler* “and “mobilität“.
“Primarstufe “and “schüler* “and “mobilität“.
“Grundschule “and “schüler* “and “nachhaltige mobilität“.
“Grundschule “and “schüler* “and “mobilitätsbildung“.
“Grundschule “and “schüler* “and “verkehr“.
“Grundschule “and “schüler* “and “gebaute umwelt“.
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Table A3. category system.

main categories subcategories subcategories subcategories subcategories/code

Goals of teaching 
mobility

Explicit goals of 
mobility 
education

applied goals mobility education
road safety education

referenced goals mobility education
road safety education

implicit goals of 
mobility 
education

applied goals instrumental goals
Emancipatory, critical goals
collective goals

referenced goals instrumental goals
Emancipatory, critical goals
collective goals

construct under 
investigation

name
definition
theoretical underpinning

topic of 
investivation

topic

research 
methodological 
approaches

study design scientific 
approach

Qualitative study
Quantitative study
mixed method study

study type Quasi-experiment
cross-sectional study
longitudinal study

treatment of the 
control group

description of the design

treatment of the 
experimental 
group

description of the design
Goals of the interventions

number of 
measurement 
points

one measurement time
two measurement times

date of survey information on measurement time 1
information on measurement time 2

method of data 
collection

survey method (measurement time 1)
survey method (measurement time 2)

sample total sample size
sample size control group
sample size experimental group

Grade level Preschool
1st to 4th grade
From 5th grade
mixed
students’ age
Place

classification of 
the location

urban
rural, intermediate
mixed
Facilities in the local environment 

(means of transport, infrastructure)
use of transport and infrastructure

socio-economic 
status

low
medium
high
mixed

number of cars 
in the 
household

0–1
2 and more
mixed

(Continued)
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main categories subcategories subcategories subcategories subcategories/code

student 
conceptions

measurement 
time 1, 
control group

transport mode use Frequency
reasons

car Personal evaluation
advantages
disadvantages
Personal experience
Factual knowledge
Future visions

Bicycle … (see above)
Walking …
Bus …
train …
Public transport …
Electric car …
shared car …
Walking bus …
scooter …
Bike sharing …
ship …
aeroplane …
means of transport …

connection 
between 
mobility and

Environment student quote
autor’s statement

health student quote
autor’s statement

society student quote
autor’s statement

Economy student quote
autor’s statement

sustainable 
mobility

Factual knowledge

socio-cultural 
environment

Personal evaluation
Personal experience
Future vision

natural and built 
environment

Personal evaluation
Personal experience
Factual knowledge
Future vision

transport 
infrastructure

Personal evaluation
Factual knowledge
Future vision

sustainable city Factual knowledge
sustainability Personal evaluation

advantages
disadvantages
Personal experience

safety Perception
measurement 

time 1, 
experimental 
group

…

measurement 
time 2, 
control group

…

measurement 
time 2, 
experimental 
group

…

Table A3. continued.
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