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ABSTRACT

ORIGINAL ARTICLE

INTRODUCTION

The omnipresence of digitalization has an enormous 
impact on the everyday lives of students, meaning that 
the educational process is also constantly changing 

(Reichwein, 2021). Children and young people grow up with 
a wide range of media; smartphones, laptops, and televisions 
are common in almost all German households (mpfs, 2022a; 
2022b). This is at a similarly high level in other industrialized 
countries worldwide (Bernath et al., 2020; Ofcom, 2021; 
Rideout and Robb, 2020). In the private sphere, children in 
Germany spend more than 3 h a day with digital media such 
as television, smartphones, and tablets (mpfs, 2022b; Ofcom, 
2023b). Media use is also increasing globally. This mainly 
relates to digital media (YouGov, 2022). One of the reasons 
for this will be that digital media are easy and intuitive to use 
and offer a wide range of learning opportunities (Dorouka and 
Kalogiannakis, 2024; Neumann and Neumann, 2014)

This is not the only reason why it is essential to develop 
students’ media skills at an early age and to lay the foundation 
for further media education in primary school (Herzig, 2020). 
In addition, access to information, communication options, 
and participation in society are strongly influenced by digital 
possibilities (Glüer, 2021). Teaching media skills that empower 
students to use media safely, creatively, and responsibly is 
therefore essential (Medienberatung, 2020). Irion (2018) 
concludes that media education is already an issue in primary 
school. It should not be left to chance whether and how primary 
school children are supported in dealing with the various 

potentials and risks. A lack of media skills already promotes 
new and serious social inequalities at primary school age. This 
should therefore be supported at an early stage.

Another topic that is becoming increasingly important is out-
of-school learning places. This means, for example, visiting a 
laboratory, the forest or a bakery to explore the subject matter 
in greater depth. The combination of in-school and out-of-
school places of learning represents a change in schools in 
Germany (Budde and Hummrich, 2016). Out-of-school places 
of learning are also highly relevant internationally for dealing 
with academic topics (Berg et al., 2021; Uludag, 2021).

The combination of in-school and out-of-school learning is 
particularly necessary for science lessons in primary school 
(Blaseio, 2016). The subject of science is especially suitable for 
visits to out-of-school learning places because, as an integrative 
and multi-perspective subject, it offers many opportunities 
to make connections (Dühlmeier, 2022a). However, the 
two topics are rarely considered together. This is where the 
following study starts.

THEORY
Digital Media
Media are defined as tools for capturing, storing, processing, 
and transmitting information. This includes computers, tablets, 
mobile phones, books, newspapers, but also media content 
(e.g. software, websites, forums) or corresponding basic 
components such as texts, images, and videos or a combination 
of these elements (Mantiri, 2014; Petko, 2020). In the current 
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discourse, media skills mainly refer to digital media. Digital 
media are media that store or transmit information digitally 
using electronic devices and reproduce it in pictorial or 
symbolic form (Pallack, 2018) or media whose content is based 
on digital coding in the binary number system (Kersken, 2023). 
Well-known examples of digital media are computers, laptops, 
smartphones, tablets, and the World Wide Web (Wahl, 2021). 
Petko (2020) differentiates between six central functions of 
digital media use in the classroom: presenting and illustrating, 
experimenting and practicing, producing and programming, 
communicating and cooperating, organizing and documenting, 
and testing and assessing.

The application use and reflection of digital media in the school 
context offer a wide range of potential and opportunities. 
Students’ media skills are trained continuously (Habermann, 
2021). Furthermore, the various different approaches can 
enable multimedia learning (Mayer, 2014; 2021). The 
numerous possibilities and tools of digital media can be 
used for differentiation, in particular, to take into account the 
individual learning requirements of the students (Hillmayr 
et al., 2017). In addition, a reference to everyday life can be 
established (Habermann, 2021). Moreover, the use of digital 
media can prove to be motivational (Hillmayr et al., 2017).

In contrast to that, the use of digital media has also 
disadvantages. For example, the use of smartphones can have 
a negative impact on concentration and attention (Habermann, 
2021). In general, digital media can lead to increased 
concentration and distraction (Aufenanger, 2017). This can 
result in a reduction in memory performance (Shibata and 
Omura, 2018). There is also an increasing trend toward the 
addictive use of digital devices (Habermann, 2021).

The competent use of digital media is a developmental process 
and a central task of lifelong learning. This should already be 
trained with younger children (Süss et al., 2018). In primary 
school, science lessons are particularly suitable for learning 
with and about digital media due to the world-inclusive core 
task and the multi-perspective principle. As there are a variety 
of opportunities to connect as well as learn with and about 
media (Kunkel and Peschel, 2020). In this way, science lessons 
can prepare students to become competent, empowered, and 
also digitally competent in an increasingly globalized and 
digital world (Schmeinck, 2022). The use of digital media 
and media literacy can also be learned in informal learning 
contexts, including out-of-school places.

Out-of-school Learning Places
Out-of-school learning places are characterized by the fact that 
the learning process takes place outside the classroom and the 
school campus (Baar and Schönknecht, 2018; Sauerborn and 
Brühne, 2020). One aim of out-of-school education is to offer 
students on-site experiences that are not possible at school 
(Thomas, 2009).

Out-of-school learning places are characterized by a number 
of advantages: For example, they offer the opportunity for 

primary and original experiences (Dühlmeier, 2022b; Karpa 
et al., 2015; Lakin, 2006; Yildirim, 2018). In addition, a 
connection to the real world can be established and subjective 
approaches and interests can be taken into account (Baar and 
Schönknecht, 2018; Lin and Schunn, 2016; Yildirim, 2018). 
When visiting an out-of-school place of learning, various 
competences can be addressed, including media competence. 
Moreover, they offer many opportunities for implementation 
(Jäkel, 2021), which is the reason why they are more and 
more being built into school lessons, especially in science 
lessons. They are therefore becoming increasingly important in 
education (Deinet and Derecik, 2016; Schwan et al., 2014). The 
combination of school with out-of-school places of learning 
represents a change in the German school system (Budde and 
Hummrich, 2016). This is particularly necessary in science 
lessons at primary school (Blaseio, 2016). The importance 
of and demand for out-of-school learning is also increasing 
internationally (Waite, 2020).

However, visiting an out-of-school learning place is also 
associated with hurdles. A major challenge for a visit 
to an out-of-school learning place is the additional time 
and organizational effort for teachers (Dühlmeier, 2022b; 
Kuske-Janßen et al., 2020). Internal school coordination and 
authorizations must also be taken into account (Sauerborn and 
Brühne, 2020). According to Dühlmeier (2022b) and Kuske-
Janßen et al. (2020), the learning place can have a distracting 
or overwhelming effect on students due to its diverse learning 
opportunities.

Although there are some hurdles, out-of-school learning places 
should still be integrated as they provide special access. Due 
to special requirements, nature experiences can often only 
be realized at non-formal educational locations (Wilde et al., 
2019). The above-mentioned hurdles prevent integration, so it 
is not possible to organize a trip to an out-of-school learning 
place for every topic. New digital media such as virtual reality 
technology can be an innovative way to realize high-quality 
experiences in the classroom with reference to out-of-school 
learning places (Büssing, 2021). It can therefore make sense 
to combine the two topics.

Combination of Digital Media and Out-of-school Places 
of Learning
Both digital media and out-of-school learning places have 
many advantages and a high priority in German school policy 
(see previous sections). Overall, digital media can be a useful 
addition to out-of-school learning places, even in natural 
environments. Although real experiences of nature cannot be 
replaced by digital ones, but they can expand the opportunities 
for experiencing nature in science lessons (Eckes et al., 2021).

Some learning places such as museums already have integrated 
digital media in different ways in the past few years, for 
example: Andraschke and Wagner (2020), Brill and Flügel 
(2022), Caruso et al. (2020), Horn et al. (2016), Nelson et  al. 
(2020) and Yoon and Wang (2014). There are already first 
and good examples, which often relate to informal learning 
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situations (Degner et al., 2022). However, there is still little 
research on the combination of the two concepts in a school 
context. In particular, this relates to STEM topics in primary 
science education.

MATERIALS AND METHODS
Research Questions
Because of the gap in the research dealing with the connection 
of the two concepts in an educational context, the present 
study was designed. The study focuses on the opinions and 
attitudes of prospective primary science teachers on this topic 
and is to give an initial overview of the new research field. 
This is of great importance, as prospective teachers could 
often find themselves in the situation of being able or expected 
to combine the two topics due to current developments. In 
addition, the first studies have shown that the use of digital 
media in out-of-school learning places only had positive effects 
in terms of knowledge growth (Degner et al., 2022).

The following two research questions will be answered:
1. What potential do prospective teachers see for digital 

media in out-of-school learning places?
2. What barriers and disadvantages do the prospective 

teachers see for digital media in out-of-school learning 
places?

Sample
A total of 20 prospective science teachers took part in the 
study. Participation in the study was completely voluntary. 
The mean age of the participants was 23 years (SD = 2.6). 
Most of the participants were female (female = 18, male = 2). 
At the time of the interview, 10 students were studying for a 
Bachelor’s degree and 10 students were studying for a Master’s 
degree to become primary school teachers in the subject of 
science education at a German university. The students had no 
experience in combining the two topics from their university 
education. The research questions described were part of a 
larger study. Therefore, the interviews ranged in length from 
approximately 7 to 22 min. The interviews were performed 
in spring 2023.

Interviews
The semi-structured interviews were conducted using an 
interview guideline. The interview guideline was developed, 
communicatively validated, and tested based on existing 
guidelines. It included questions about different aspects of 
digital media at out-of-school learning places. There were 
6 questions in total, such as: How would you describe the 
possibilities of digital media at the out-of-school place of 
learning? or What advantages do you see in the use of digital 
media at the out-of-school place of learning?

The guideline interview method was chosen because it gives 
the interview a general structure, but still leaves room for 
flexibility (Döring and Bortz, 2016). In addition, the interview 
guide was communicatively validated before the study (Meyer, 
2018). Following the interviews, the audio recordings were 

transcribed and the language straightened (Kuckartz and 
Rädiker, 2022). To illustrate the results, anchor examples were 
translated into English. This procedure does not represent a 
falsification of the material.

Content Analysis
The interviews were then transcribed and analyzed with the 
content structuring qualitative content analysis according 
to Kuckartz (2016). All process steps were run through and 
completed with iteration and feedback steps (Kuckartz and 
Rädiker, 2022). The categories were mainly formed inductive, 
which is the most common way. Afterward, a codebook was 
created for fixation and documentation (Hussy et al., 2013). 
The entire analysis was carried out with the MAXQDA 2024 
software.

To ensure quality, the seven criteria of Steinke (2007) were 
observed throughout the research process. Since the classic 
quality criteria cannot be used directly, this guarantees a 
transparent research process. In addition, ethical principles 
were observed throughout the entire research process (Hussy 
et al., 2013). To check the quality of the analysis, the intercoder 
reliability (Cohen’s kappa) between the first and second coder 
was measured. The second coder was a trained person who was 
already familiar with the method and the program. According 
to the literature, 10-20% of the data material should be coded 
by two coders (Döring and Bortz, 2016). In the present study, 
15% was coded by the second coder, based on the codebook. 
Cohen’s kappa was 0.8 and can be classified as substantial 
(Landis and Koch, 1977).

RESULTS
All 20 interviews were included in the data analysis. In total, 
more than 150 statements were coded. Initially, the first 
research question: What potentials do prospective teachers see 
for digital media in out-of-school learning places? is analyzed 
from different perspectives. The interviews clearly show that 
all prospective teachers have a positive attitude toward digital 
media. However, most of them are very critical of its use in 
out-of-school learning places: “But I don’t know any digital 
medium that I would use in an out-of-school learning place” 
(A, pos. 41), “I wouldn’t go into the forest and take a laptop or 
a tablet with me. That somehow doesn’t make sense to me at 
that moment” (M, pos. 42) or “I always find the implementation 
quite difficult” (O, pos. 54). A total of 15 statements argue 
against using digital media at an out-of-school learning place.

At the time of the interviews, only four persons already had 
experience with the connection of the two topics. The four 
experiences are very different and none of them relate directly 
to science lessons. One person describes an outdoor geocaching 
rally with other digital elements that they organized with a 
school class (L, pos. 83). Another person describes digital 
possibilities such as audio recordings, and videos that they were 
able to use in a museum to make the exhibitions and the visit 
more interactive (H, pos. 74). However, all of them had ideas 
for the implementation of digital media at the out-of-school 
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place of learning. These could be divided into 4 categories 
which are shown in the Table 1. This also includes examples 
and the number of mentions.

Table 1: Categories for the use of digital media at out-
of-school learning places with examples and number of 
mentions in each category

Categories Examples Number of 
mentions

Documentation You could use the tablets so that the 
students take pictures of things they 
discover (C, pos. 38)

26

Tools like apps There are identification apps: What kind 
of plants are these? That would of course 
be a possibility (B, pos. 46)

17

Utilities I would use the tablet or laptop to write 
down information and do research  
(M, pos. 46)

9

Microscopy/
measurement

…a microscope that you can connect 
to a tablet. That you can simply use to 
examine objects on location. (J, pos. 34)

5

Most prospective teachers named the use of digital media for 
documentation in the form of photos and videos. In addition, 
digital media opens up new possibilities. Various apps, 
e.g.,  for plant identification, but also tools, such as measuring 
instruments and small microscopes can be used and taken to 
the out-of-school place of learning.

Statements that were only mentioned sporadically were 
summarized in the category “other.” These include, for 
example, statements about the tablet as a work tool or a 
digital whiteboard. In addition, three people point out that 
it is not suitable for promoting media skills and media 
education.

Similarly, prospective teachers see many advantages for digital 
media. These include support “I think that’s a good add-on” 
(D, pos. 39), actuality “that is a very large part of the children’s 
everyday life” (D, pos 37), relevance for the prospective “this 
is important for their prospective as a connection to their living 
environment “ (E, pos. 67) or motivation “you also realize that 
the children really enjoy it” (H, pos. 64). However, they also 
see only isolated advantages for the use of digital media at the 
out-of-school place of learning. A total of 13 advantages were 
named, for example:
•	 “That they can work with the notes and photos afterward. 

So that this day can be established in the lessons. That 
the students can still prepare small projects” (A, pos. 41)

•	 “It could already help when you are talking about animals 
or something and you don’t necessarily see them in the 
forest, then you can show them what the animals look 
like” (N, pos. 44)

•	 “I think that digital media can be a good networking tool, 
especially with the out-of-school place of learning” (E, 
pos. 39)

In relation to the second research question: What barriers and 
disadvantages do they see for digital media in out-of-school 

learning places? a total of 27 statements could be grouped into 
5 categories, which you can see in Table 2.

Table 2: Categories for disadvantages in the use of digital 
media in out-of-school learning places with examples and 
number of mentions

Categories Examples Number of 
mentions

Technical 
conditions

At the out-of-school place of learning, when I 
go with them to the river or something, I don't 
necessarily have Wi-Fi (D, pos. 50)

11

Take along I think at the out-of-school place of learning, 
if everyone takes their own tablet with them 
that will be quite difficult. (I, pos. 39)

6

Handling At the out-of-school place of learning, 
you have to pay a bit more attention to the 
things so that they don't fall into the water or 
something. (K, pos. 69)

5

Limited 
knowledge 

If children are not so good at handling and 
don't have a table, I could imagine that this 
could lead to problems. (I, pos. 36)

2

Other It’s a big factor for the children when they are 
allowed to use digital media. Then they are 
very focused on it and on the trips they should 
focus on the environment. And somehow, I 
just find it difficult to bring them together. (O, 
pos. 54)

3

Many of the prospective teachers see problems with the technical 
conditions, such as Wi-Fi or electricity for the devices. Taking 
them to the out-of-school place of learning and handling them as 
well as the limited knowledge there is also seen as a challenge. 
In addition, some general disadvantages of digital media such 
as distraction “that the distraction is quickly there” (L, pos. 91), 
risks “these risks should not be ignored” (A, pos. 35), screen 
time “that children are not only allowed to spend their time with 
media“ (B, pos. 40) or equipment can be transferred.

DISCUSSION
In the interviews, the prospective science teachers describe 
their attitudes and experiences regarding the use of digital 
media in out-of-school learning places as well as its advantages 
and disadvantages.

Overall, the prospective teachers have a positive attitude toward 
digital media. A detailed analysis of the attitudes and opinions of 
prospective science teachers toward digital media can be found 
in Wenzel and Blumberg (submitted a). This importance can 
be explained by the ever-increasing influence of digital media 
(Kramer and Gabler, 2022). Moreover, this suggests that they 
will use them later in the classroom (Ajzen, 1991).

They also have a very positive attitude toward out-of-school 
places of learning (Wenzel and Blumberg, submitted b). However, 
the attitudes toward using digital media in out-of-school places 
are rather negative. This attitude could be justified by the fact that 
it represents an emerging area. In which many developments are 
currently taking place in parallel and discussions are still ongoing 
about how useful they are (Hahn, 2020). In addition, there is 
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hardly any experience in combining media and out-of-school 
places of learning. Experience often relates to out-of-school 
places of learning that are organized institutionally, such as 
school laboratories (Dannwolf et al., 2020; Wejner and Wilke, 
2022) or museums (Horn et al., 2016; Yoon and Wang, 2014). 
The (prospective) teachers are also insecure in using digital media 
(Schmid et al., 2017; Vogelsang et al., 2019). However, these 
are all just ideas as to why the prospective teachers have such a 
critical view. It would be useful to investigate the reasons for this 
critical attitude in more detail in a further study. However, the 
participants already have first ideas for a meaningful use of digital 
media. These mainly relate to documentation at the out-of-school 
learning place, the use of tools such as apps, utility programs 
or microscopy and measurement options. These ideas are not 
very diverse and therefore cannot cover all aspects of media 
literacy, for example. Media literacy is defined as the ability to 
use, understand and organize media and communication in a 
variety of contexts (Ofcom, 2023a; Potter, 2018). However, these 
results are in line with Kampschulte et al. (2019) and Degner et 
al. (2022), which also showed that media are primarily used as 
a means of information and presentation.

Other ideas include digital presentation of objects in the 
museum with interactive information, co-designing the 
exhibition with digital evaluations, or augmented reality (Hahn, 
2020). These are already being implemented in a variety of 
ways, but do not yet seem to be present among prospective 
teachers. Further ideas for using digital media in out-of-school 
learning venues can be found in Kampschulte (2018).

Furthermore, the general advantages of digital media mentioned 
are strongly oriented toward literature (Bertelsmann Stiftung, 
2015; Hillmayr et al., 2017; Mantiri, 2014). Prospective 
teachers named only a few other specific advantages of using 
digital media at out-of-school learning places. These include 
the possibility to follow-up on the visit with photos or notes 
taken there, more creative work, the extended possibilities on 
site, for example through apps, or the opportunity to work on 
questions more flexibly and at short notice.

The interviewees did not mention aspects such as new 
interaction and participation value of the learning place (Brill 
and Flügel, 2022) or new possibilities through interactive 
teaching pathways (e.g. Actionbound) (Fränkel et al., 
2020; Hermes and Kuckuck, 2016). Here too, it should 
be investigated further why the prospective teachers only 
occasionally emphasize practical use. Perhaps they still lack 
the relevant experience or imagination here.

Out-of-school learning places and digital media are generally 
very popular with teachers and have many advantages (Degner 
et al., 2022; Mitzlaff, 2020; Wenzel and Blumberg a, b), but the 
combination does not seem to have any additional advantages 
from their point of view.

However, some disadvantages are named in connection with 
the combination. The disadvantages of digital media at the 
out-of-school learning place mentioned relate to the technical 

requirements, such as Wi-Fi or electricity for the devices, 
taking them to the out-of-school learning place and handling 
them, as well as the limited knowledge. In addition to the 
specific disadvantages, general disadvantages of digital media 
such as distractions, media time or lack of equipment can also 
be transferred (Wenzel and Blumberg, submitted b).

The biggest specific disadvantage mentioned is the technical 
conditions at the out-of-school learning place. This can be 
very different, especially if the teacher organizes the visit 
to the out-of-school learning place themselves, e.g., in the 
forest. Therefore, the development and expansion of the 
digital infrastructure (DigitalPakt Schule) in Germany is 
important (Wohlfart and Wagner, 2022). Appropriate training 
or cooperation with partners could also be helpful.

Moreover, there is research on out-of-school learning visits 
being only sustainable when preparation and follow-up are 
done at school (Itzek-Greulich and Vollmer, 2017; Reimann 
et al., 2020). It is most likely similarly true for use of digital 
media. Hence, if students are used to using their digital devices 
at school, and then bring them to the out-of-school learning 
places, it’s nothing new and could be more easily integrated as 
a tool, rather than being an extra happening or cognitive load.

It can be concluded from this that the interview participants 
would not likely combine out-of-school learning and digital 
media. Although it is important, because the competent use 
of digital media is a development process and thus a central 
task of lifelong learning. This should already be trained with 
younger children in a diverse setting (Süss et al., 2018). And 
since the research field is still quite new, it can be important 
to research as broadly as possible to get comprehensive results 
(Degner et al., 2022; Mohajan, 2018). The small sample size of 
20 students could be seen as a limitation of the study. However, 
there was already a saturation of findings here. Nonetheless, 
some of the results are rather general and therefore superficial. 
Therefore, some aspects should be analyzed more closely in 
the following to obtain more detailed results (see above and 
Outlook). This overview article provides a good basis for this.

CONCLUSION AND OUTLOOK
Overall, the prospective teachers have a positive attitude 
toward digital media in science lessons, although they are 
rather critical of the use of digital media in out-of-school 
learning places. It would therefore be helpful to interview 
currently practicing science teachers to be able to analyze 
further experiences and hurdles from practice.

In addition, the topic should be integrated into university 
education. For this reason, consideration should be given to 
making this compulsory in teacher training programs. Digital 
media in particular are already being taken into account in 
courses at many universities. However, this does not yet seem 
to be sufficient. Educational policy would also have to provide 
more resources for this. The connection between the two topics 
still seems to have received little attention. This should include 
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more knowledge about both topics, get to know different 
possibilities of the connection, and create more concepts for 
the connection as good practice examples. One of the few 
examples would be the seminar “Promoting science learning 
through the implementation of digital media at out-of-school 
learning places” at the University of Paderborn (Wenzel et al., 
2024), which could serve as a model. It should also be checked 
whether the combination of both topics is useful and which 
conditions for success must be fulfilled for a linkage to prove 
useful. Moreover, it could be interesting to ask the students 
about their opinions.
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