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The internet provides up-to-date, multi-dimensional and spatial information on geographical conflicts world-
wide. Internet searches can therefore be used in geography education for students to learn about geographical
conflicts and to form their own opinions on them. However, previous research indicates that students lack
competences in searching and evaluating digital information on geographical conflicts and also in processing the
information found argumentatively. Therefore, we developed a digital learning unit, available as Open Educa-
tional Resource, to train upper secondary and university students in targeted strategies for conducting internet
searches on geographical conflicts and developing subsequent argumentations. In this study, we investigated
whether geographic internet searches and argumentation skills can be promoted using the learning unit. For this
purpose, we analysed the work products of 39 students that they produced within the learning unit, consisting of
an internet search on a geographical conflict and a subsequent argumentation. In addition, the students evalu-
ated the learning unit using digitally provided questionnaires. A comparison of the students’ work results with
previous research shows that the learning unit does not seem to affect the amount of information students find on
the internet, but students seemed to engage more intensively with the information found. Using the information
from the internet, students were able to create multi-perspective argumentations in which they could defend
their opinions with justifications, counter-arguments and rebuttals. The results of our study thus show that
internet searches on geographical conflicts and the development of subsequent argumentation can be promoted
with the digital learning unit.

1. Introduction

German teenagers spend on average almost half an hour per day
searching for information online, with their top three search options
being Google or other search engines, YouTube and Wikipedia ([40], p.
33,49). With numerous Google queries every day, the digital search for
information easily becomes an almost unconscious habit, liable to be a
superficial process with little reflection ([24], p. 40).

Turning our students into responsible participants in society also
means training them in the critical use of information. Educational in-
stitutions need to address, in particular, the opportunities and chal-
lenges of information from the internet, as many people struggle with
the necessary competencies for dealing with digital information, lacking
either technical or cognitive skills ([7], p. 2). The ability “to recognise
information needs, to identify, acquire, evaluate and use information effec-
tively" is referred to as information literacy ([51], p. 225). It is
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increasingly related to digital information and the internet. Hence, it
interconnects with other areas of competence such as digital literacy,
data literacy and media literacy ([25], p. 34).

In Germany, there have long been calls for the information literacy
skills of children and young people to be promoted more strongly in
schools (i.a. [22,26]). The current results of the International Computer
and Information Literacy Study (ICILS), a comparative study of eighth
graders, confirm the urgency of this need [17]. Approximately one third
of the German students in the study have shown to have only very basic
computer and information literacy skills. Less than 2% of the German
eighth graders reached the highest level of competence and were thus
able to evaluate and organise digital information independently and to
produce information products that were high-quality in terms of content
and form ([17], p. 13).

In this context, the need for the integration of media education and
information literacy into teacher training and into the school subject
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curricula emerges ([51], p. 232). A basic awareness of information lit-
eracy can be promoted by interdisciplinary measures such as courses on
“search techniques”, but should not be limited to that ([25], p. 36,40).
The different school subjects can contribute to the development of in-
formation competence in their own way. To make this possible, there is a
need for action for educationalists in each subject area on how the
development of these competences can be integrated within the subject
curricula ([16], p. 158).

We created a digital learning unit, available as Open Education
Resource (OER)', focussing on the subject-specific needs for internet
searches and information processing in the form of argumentations in
geography courses in universities and upper secondary schools. Previous
research on students’ skills in researching and processing geographical
conflicts on the internet has shown that students have difficulties
researching information effectively and with the evaluation of the in-
formation found ([ 18], p. 18). In addition, students were not always able
to further process the information found on the internet in a high-quality
geographical argumentation ([20], p. 15). The aim of our study is to find
out whether students’ skills in internet searches on geographical con-
flicts and the processing of the information found in the form of argu-
mentation can be promoted through the digital learning unit we have
created. Thus, it is designed to foster strategies when searching the
internet to answer geographical conflicts, to organise the information
found, to support the opinion forming process and to train the devel-
opment of a subsequent geographic argumentation. The research ques-
tions that emerged for the evaluation of the digital learning unit were
the following:

1 How do students evaluate the digital learning unit in terms of real-
isation and usability, content and structure, and (perceived) learning
effect?

2 To what extent can the digital learning unit improve students’
internet searches and subsequent argumentation on complex
geographical conflicts?

This paper is structured as follows. We first give a theoretical back-
ground on internet searches on geographical conflicts and the processing
of the information found in the form of geographical argumentations.
Then we describe the digital learning unit, explaining the study design
and the evaluation methods. Finally, we present the results and discuss
them with regard to our research questions.

2. Theoretical basckground

2.1. Internet searches and the processing of information in geography
courses

Existing research on students’ general competencies in internet
searches and in dealing with digital information suggests that adoles-
cents often show an unreflective behaviour in the selection of websites
([31], p. 15; [49], p. 1457) and are often too uncritical in their use of
information from the internet [10,39,46]. However, research mostly
refers to skills in dealing with digital information in general, yet each
(school) discipline has its own unique challenges to internet research
and also to the handling of digital information. For instance, if mathe-
matics requires the ability to find the one correct answer, competent
internet research in modern foreign languages requires linguistic and
intercultural skills in order to be able to use content at all. To address the
specifics of internet searches in geography, we will initially outline the
content and objectives of the subject.

According to the German Educational Standards in Geography [15],
in geography education students learn to understand the interactions

1 Link to the OER “Internet searches as a basis for argumentation in geog-
raphy”:https://www.ilias.uni-koeln.de/ilias/goto_uk_1Im_4510018.html
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between nature and society by dealing with specific regional examples
of geographical conflicts, exploring their processes and problems and
developing solutions to them. The special potential in dealing with
geographical processes and conflicts lies in the fact that these arise from
the interactions between natural, physical-geographical conditions and
human activities. Geography is the bridging subject between the social
sciences and the natural sciences ([15], pp. 5-6). Geographical conflicts
include, amongst others, disputes over questions of spatial or urban
planning that are affected by divergent economic, ecological and social
interests. They are complex problems, because they are ill-defined sit-
uations with a number of unknown factors and influences that usually
only become apparent during the process of dealing with the problem
([8], p. 154). Further, the elements of the conflict are interrelated and
have a spatio-temporal dynamic (Budke and Miiller, 2015, 177). In
distinction to political or historical conflicts, geographical conflicts are
always spatially related and combine both, natural and anthropogenic
factors or actors with their interests. Examples of geographical conflicts
include disputes over the construction of wind farms in particular lo-
cations, the new development or expansion of an airport, the conversion
of specific agricultural land to housing or commercial use, etc.

In order to understand geographical conflicts in their entirety, multi-
dimensional, spatial and temporally relevant information is needed
([18], 6): Multi-dimensional information provides an overview of the
different actors involved in the conflict, their interests and arguments.
Spatial information is necessary because arguments that apply to a
similar conflict in another place may not necessarily be transferable due
to the different natural and man-made conditions of the spaces involved.
As geographical conflicts are also subject to temporal change and can
have various historical causes, older information can represent the
course of the conflict, but current information is needed to evaluate the
present state of the conflict. Textbooks can hardly provide up-to-date
information on a multitude of geographical conflicts in their
numerous perspectives, for lack of space. The internet is the source
where all this information can be found on a great number of
geographical conflicts worldwide. When searching the internet to un-
derstand a geographical conflict, students thus need to identify
multi-dimensional information, analyse spatial information and recog-
nise temporally relevant information on the conflict (see Fig. 1).

To explore a geographical conflict in its multiple dimensions, finding
the information is the necessary prerequisite, but it is not the end of the
process. When solving information problems with the help of the
internet, the information retrieved needs to be put together to address
the problem. As such, the organisation and presentation of information
can be called the “synthesis” of the problem-solving process ([9], p.
1209). Since geographical conflicts are characterised by the clash of
different interests and opinions, the logical synthesis of the information
retrieved constitutes a discussion or argumentation. In this context, a
high-quality argumentation must present, connect and discuss different
perspectives of the geographical conflict, such as economic, ecological
and social concerns. In order to be able to develop an argumentation on
the conflict, students need to organise their information and form their
own opinions on the conflict. A convincing argumentation, however, is
not only about listing arguments that support one’s own opinion: stu-
dents need to be able to weigh and discuss the pros and cons of the
conflict, as the inclusion of counter-arguments raises the quality of the
argumentation, showing awareness of both sides of the conflict ([37], p.
142). Also, to argue geographically, the spatial conditions of the conflict
location must be taken into account, e.g. infrastructure, population,
natural conditions, etc. ([11], p. 276). Until now there have been no
tested didactic concepts to support students in searching the internet for
geographical questions, to help them organise the information they find
and to support them in developing an argumentation on the basis of the
information found. In the following section, we outline which strategies
have proven useful in geographical internet searches and subsequent
argumentation and thus ought to be promoted.
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Fig. 1. Internet searches on complex geographical conflicts (cf. [18], 6).

2.2. Useful strategies for geographic internet searches and subsequent
argumentations

Searching the internet for multi-dimensional information on
geographical conflicts, students need to understand that information
published on the internet often does not provide a neutral overview of a
topic, but presents arguments that support a particular position. Stu-
dents thus have to question the interest of a source and to “give a critical
opinion on the role of special interests in the presentation of geographically
relevant information" ([15], p. 23). However, many young people and
adults have little awareness that digital sources often come from a
particular perspective with a special interest, as they often do not
question the author’s background and thus do not recognise possible
interests ([10], p. 3,14-16). Digital information is often even accepted
without adequate evidence or verification of the sources ([51], p. 229).
Moreover, a German study of over 4000 adult internet users has shown
that, when assessing the credibility of websites, conflicts of interest were
rarely recognised ([38], p. 4,67-70). When researching geographical
conflicts, students need to learn to question the author’s interest and
find information from different interest groups in order to grasp the
conflict in its multiple dimensions.

A study on geographical internet searches [18] shows that the usage
of a higher number of websites and the selection of different types of
websites, such as those of newspapers, citizen initiatives, environmental
or commercial associations, etc. had a good effect on the
multi-dimensionality of the information found. This may be due to the
fact that news websites or Wikipedia give an overview of the conflict and
may briefly present the positions of different actors, but the websites of
private action groups help to understand the positions of the actors
involved and provide detailed information about the conflict. However,
they can be very one-sided, so the source’s interest must be questioned
and the websites of actors with contrasting interests should be used for
information retrieval as well. Also, taking notes that were structured in
terms of pro and con arguments or according to interest group seemed to
improve the information search, especially when using digital writing
tools ([18], pp. 18-19). The students had thus created a clear organi-
sation, which presumably encouraged them to continue researching if
they had not yet found enough information for one or another area. As
they were working on the computer anyway, the digital notes here
seemed natural and were probably less time-consuming than writing
notes by hand.

Related research dealing with geographical argumentation based on
internet research [20] showed that searching for information and pro-
cessing the information found in the form of argumentations are two
different competences that both need to be supported. It was the first
research to explore the extent to which competences for researching
geographical questions on the internet are related to those for
geographical argumentation. The results showed that students who
performed well in their internet searches on geographical conflicts did
not necessarily use the information found to write high-quality
geographic argumentations. The majority included only one or no
counter-argument in their argumentation and hardly included any

spatial information; they often did not even mention the name of the
place they were talking about ([20], pp. 10-13). The majority of stu-
dents based their argumentation on only a few pieces of information,
even though they had found many more arguments during their internet
search. Yet again, students who structured their information into pro
and con arguments benefited from this and, on average, developed
better arguments than students who found more information but did not
note it down in a structured way ([20], pp. 15-16). Consequently, in
order to understand geographical conflicts using the internet, we need to
promote, in particular, the search for multidimensional information, the
structured recording of information and interests, and the criteria-based
writing of geographical argumentations.

2.3. Using a digital learning approach to promote geographic internet
searches and argumentations

Effective training in information literacy requires different ap-
proaches depending on the context, preconditions and needs of the
target group ([6], p. 300). Supporting students in geographic internet
searches and the processing of information in the form of argumenta-
tions thus requires subject-specific methods, material and teaching
concepts. For our purposes, a digital learning approach to foster digital
competence provides a natural fit between method and content. In
addition, digital learning concepts have taken on a new relevance since
the coronavirus pandemic. Since March 2020, German schools and
universities have repeatedly been completely or partially closed and
teachers had to teach spontaneously under these new conditions.
Teachers had to learn and use new digital methods and tools and some
teachers are likely to use them in the future ([14], p. 135; [29], p. 3).
This current teaching and learning situation could provide a certain
push for the development of digital (higher) education in Germany
([53], p. 224). An exploratory study on geography teaching under
COVID-19 in Germany (Bagoly-Simo¢ et al., [4]) however showed that of
the teachers surveyed, young teachers in particular often struggled with
the technology and planning of digital lessons. In this context, the de-
mand for educational media and adaptation to the new conditions of
teaching were called for ([4], pp. 230, 235). Digital learning resources
are needed as never before.

We created our digital learning unit “Internet searches as a basis for
argumentation in geography” as an OER. Thus, it can be used without
hindrance by teachers and students and also meets new requirements for
(digital) teaching. The term OER refers to all educational resources that
are freely available on the internet without any licence fees ([13], p. 5).
OER is an emerging teaching and learning culture with open and indi-
vidually adaptable learning resources ([44], p. 115). In the future, the
increasing use of OER may mean that geography teachers will not only
use textbooks, atlases and worksheets for lesson planning, but will also
be able to access geomedia-based learning materials and lesson plans on
the internet ([32], p. 9).

Digital learning formats offer the possibility to use a range of
multimedia elements to convey the content, such as (audio) texts,
(explanatory) videos, presentations, different task formats, links to



E. Engelen and A. Budke

websites, etc. When dealing with media in (geography) lessons, we need
to make sure that it is appropriate for our students and does not over- or
under-challenge the learner ([42], p. 305). However, when students
search the internet for information, teachers cannot estimate what in-
formation the students will be confronted with, or whether the websites
used will overwhelm students in terms of content, language or tech-
nology. Specific strategies in digital information retrieval can support
students in searching and managing the information. In digital learning
formats, explanatory videos can be used to demonstrate useful strate-
gies. For our purpose, explanatory videos of real internet searches on
geographical conflicts enable us to show which aspects the students
should pay attention to, and how they can find multi-dimensional,
spatial and temporally relevant information (see Fig. 1). Interactive
self-tests can be integrated for learners to assess their newly acquired
knowledge, to review content and to check understanding. Students can
playfully try out the answers until they find the right one. Repeatedly
confronting the students with the content until the solution is found is
likely to support the learning process ([35], pp. 46-47).

Using a digital learning approach has a further advantage when it
comes to teaching internet competences, as — unlike in books or work-
sheets — these competences can be practised immediately, digitally and
online. After the content has been taught, the digital learning format
enables the students to carry out an internet search in order to apply and
practise the newly learned strategies immediately and repeatedly. The
instant independent application of the newly learned content is intended
to contribute to the students’ consolidation of the content. Further, the
possibility of repeated practice is necessary, as new skills need to be
practised several times to be acquired ([33], p. 103).

3. Description of the digital learning unit “Internet searches as a
basis for argumentation in geography”

The digital learning unit “Internet searches as a basis for argumen-
tation in geography” was created and made available with the learning
platform ILIAS (Integrated Learning, Information and Work Cooperation
System) at the University of Cologne. It is embedded in the digital
subject concept “DiGeo”?, which aims to build up competence in the
responsible use of digital geomedia in geography teacher training and to
prepare prospective geography teachers to convey these competencies
to their future students ([44], p. 115). Further OER within the frame-
work of the “DiGeo” project for the acquisition and teaching of
geographical communication and argumentation skills can be accessed
via the following link: https://www.ilias.uni-koeln.de/ilias/goto_uk_
cat_3758292.html.

Link to the digital learning unit “Internet searches as a basis for
argumentation in geography”

https://wwwe.ilias.uni-koeln.de/ilias/goto_uk_Im_4510018.html

To enhance students’ information literacy and internet research
skills, there is already a variety of OERs available which are often pro-
vided by (university) libraries. To give an example, the Chemnitz Uni-
versity of Technology offers an online course with different thematic
modules for students on the topic of information literacy.® However, we
could not find any OER that addresses the specifics of geographic
internet research and argumentation. Thus, the digital learning unit was
created entirely by us and is not similar to other digital learning units,
both in terms of content and concept. The information requirements for
internet research on geographic questions were developed by us [18]
and meaningful strategies for geographic internet research and subse-
quent argumentation were empirically collected by us [18,20]. Our
literature search did not yield a hit for an empirical validation of a
comparable OER.

2 https://digeo-oer.net/doku.php
3 https://www.tu-chemnitz.de/ub/kurse-und-e-learning/elearning/studier-
ende/index.html
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The learning unit was designed to foster useful strategies for internet
searches on geographical conflicts (see Fig. 1) and the processing of the
information found in form of an argumentation. Embedded in a short
introduction which is meant to be informative and motivational, and in
a final self-reflection on one’s own learning gain, the learning unit
consists of two main content parts (Fig. 2). Part I, Learning about stra-
tegies, is designed to introduce useful strategies for internet research and
processing of the information in the form of opinion forming and
argumentation on geographical conflicts. Part II, Applying the learnt
strategies, is a work assignment supported with work materials, in which
students are requested to apply the strategies learnt from Part I to
answer a complex geographical conflict using the internet indepen-
dently. In the following, the two parts of the learning unit are described
in more detail.

In Part I, Learning about strategies, strategies for internet research,
information processing and argumentation on geographical conflicts are
explained in an interactive way. These strategies are presented by means
of the example of a geographical conflict in Austria concerning whether
the ski areas between the glacier lifts in the Pitztal and the Otztal should
be connected. In this conflict, different economic, ecological and social
interests clash and many actors involved present their positions and
arguments online. With the help of explanatory videos and pre-
sentations, students are shown real-life internet searches on the conflict,
using search engines, result lists, homepages and maps to explain stra-
tegies for finding multi-dimensional, spatial and temporally relevant
information. The videos also show how they can use supporting work
materials to organise the information they find on the internet and to
form their own opinions about the conflict. A presentation is used to
present the learning content for writing a high-quality geographic
argumentation. To check and consolidate the understanding of the
contents, interactive self-tests are integrated after each content block,
for example cloze texts or multiple choice tasks.

In Part II, Applying the learnt strategies, students are supposed to
independently apply the strategies previously acquired in Part I, by
conducting their own internet research on a geographical conflict,
organising the information, forming an opinion on the conflict and
writing an argumentation. They receive the work task in the form of a
Word document containing the geographical conflict to be dealt with
and supporting work material. The task is “Should a bridge be built be-
tween the towns of Darchau and Neu Darchau? Justify your opinion by
weighing up the pros and cons of a bridge’s construction over the River Elbe.”
Here, too, there are economic, ecological and social interests that
collide, and many actors represent their opinions on the internet. We
chose this question because the conflict involves natural, social, and
economic interests colliding. These are typical elements of geographical
conflicts, so the results are not unique to this specific example, but are
broadly transferable to other geographical conflicts. Many involved
actors express their opinions about the conflict on websites, such as
citizens’ initiatives or associations. The analysis of digital maps allows
finding various arguments for or against a bridge. In addition, the con-
flict is spatially located about 500 km away from the current residence of
the students, thus minimizing the likelihood of a personal connection or
prior knowledge of the conflict (this was confirmed in the surveys; none
of the participants had heard of the conflict before). As shown in Fig. 3,
the students receive four different supporting work materials for the
individual work steps, which had already been introduced to the stu-
dents in Part I of the digital learning unit, Learning about strategies:

1 A table in which the information found can be recorded in a struc-
tured way with further relevant information on source, date and
actors. The table is supposed to help the students keep track of the
information they find and support them in questioning the credi-
bility, interest and date of the sources and information.

2 A pro/con table to organise the information they have found by
dividing it into pro and con arguments. This is intended to provide an
overview of the arguments found and thus support the opinion-
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Methods

Examplary
geographical
conflict

Part I:

Learning about
strategies

Based on an exemplary
geographical conflict, in  which
different social, economic and
ecological interests clash, useful
strategies for internet research,
opinion formation and argumentation
are presented.

= Presentations
= Explanatory videos
= Self-assessment tests

Should the
Austrian ski areas
between the Pitztal
and Otztal glacier
lifts be connected?

Part II:

Applying the
learnt strategies

Based on another exemplary
geographical conflict, the students
now apply the previously learned
strategies independently by
conducting internet research,
forming an opinion on it and writing
an argumentation.

A writable Word dokument
presenting the geographical
conflict to be discussed and
working materials that support
the strategies presented in
Part .

Should a bridge be
built between the
towns of Darchau
and Neu Darchau
in Germany?

Fig. 2. . Structure and content of the digital learning unit (own illustration).

Pro / con table

Table to organise the
1 information during the
internet search

Website | Author Datelyear of | Actors Opinions on the Information/facts

to organise

address | or the

Pro arguments

involvedin | conflictheld by
publisher | information the conflict | the actors

2 and process the
information

Opinion ray to fillin the
3 different actors with their

Actors/positions in favour of...

ors/positions against....

on the conflict

Con arguments

positions
Structural framework to ‘ ’
4 | support the writing of an | | Introduction The conflictunder
o discussionis briefly
argumentation Pt

Fig. 3. . Structure and excerpts of the work material (following [19], pp. 305-307).

forming process and the development
argumentation.

of the subsequent

3 An opinion ray to fill in the different actors with their positions on
the conflict. The visualisation of the different interests in the conflict

2018

STUDY 1

Implementation of

an initial study

to gain insights into students’

in searching the internet for
geographical conflicts and

developing subsequent
argumentations

is meant to be an additional step in the organisation of the infor-
mation and to support the opinion-forming process. The students are
asked to position themselves and their opinion in the opinion ray as

well.

Design-based research approach
Students’ skills and support possibilities when searching the internet for geographical
conflicts and developing a subsequent argumentation

2019

DESIGN PHASE

skills  to promote students’ skills in internet
searches on geographical conflicts
and in subsequent argumentation

Development of a digital
learning unit

2020

2021

STUDY 2

Evaluation of the digital

learning unit

to gain knowledge about the
effectiveness of the digital learning
unit in promoting internet searches
on geographical conflicts and

subsequent argumentations

Fig. 4. Design-based research approach to students’ skills and support possibilities when searching the internet for geographical conflicts and developing a sub-

sequent argumentation (own illustration).



E. Engelen and A. Budke

4 A structural framework (scaffolding) to fill in their argumentation,
reminding them of the structure and main contents of geographical
argumentation, i.e. arguments to support the own opinion, counter-
arguments, rebuttals, sources, etc.

4. Study design
4.1. Embedding of our study in a design-based research approach

The evaluation of the digital learning unit “Internet searches as a
basis for argumentation in geography”, which is central to this article,
was embedded in a larger study design that aims to gain insights into
students’ skills and support possibilities when answering geographical
questions using the internet (see Fig. 4). We had noticed that there is
hardly any literature and no supporting material for conducting subject-
specific internet searches in geography courses, so we felt that there was
a need for action in geography didactics to develop teaching concepts
and materials. As we approached the topic from the ground up, we
followed the design-based research (DBR) approach, which has the goal
of solving problems in educational practice. DBR is not characterised by
a particular method, but by research and development taking place in
continuous cycles of design, implementation, analysis and re-design
([41], p. 62).

As shown in Fig. 4, to approach this new field of research, we con-
ducted Study 1 in 2018 to gain insights into the students’ skills in
searching the internet for information on a geographical conflict and
presenting their opinions in an argumentation [18,20]. In this first
study, we therefore observed 20 secondary school students researching a
geographical conflict and writing a subsequent argumentation. The
participants were not given any supporting work material, but only the
following question about a geographical conflict (which will be taken up
again in the digital learning unit): “Should a bridge be built between the
towns of Darchau and Neu Darchau, ? Justify your opinion by weighing up the
pros and cons of a bridge’s construction over the River Elbe.” The students’
work on the computer and their simultaneous “thinking aloud” were
recorded with the help of screen and audio recording devices. We
wanted to find out whether secondary school students are able to find
the necessary information to understand a geographical conflict, what
difficulties they encounter and what strategies are helpful in the process.
We also wanted to explore to what extent students are able to develop a
geographical argumentation with the information they have found and
to what extent their success in the internet searches influences the
quality of their argumentation, i.e. whether a successful internet search
also means a successful processing of the information in the form of high
quality argumentation. We conducted the study exclusively with sec-
ondary school students in their final years of school to find out what
competences in geographical internet research and reasoning students
have at the end of their secondary school career. This information is also
useful for universities to find out what skills their incoming students
have in this area.

On the basis of the findings in Study 1, we went through a design
phase during which we first developed the supporting work material
(see Fig. 3). Following this, we developed the digital learning unit in
which the materials are embedded. In Study 2, which is the subject of
this article, the students carried out and evaluated the learning unit. We
also assessed the students’ work results from the learning unit, which
were an internet search on a geographical conflict and a subsequent
argumentation. We conducted Study 2 with both secondary school stu-
dents and university students to find out whether the learning unit is
suitable for both groups. To allow comparability between the results of
Study 1 and Study 2, the students in both studies conducted internet
research with subsequent argumentation on exactly the same work
assignment (whether a bridge should be built between Darchau and Neu
Darchau, Germany). We hoped the comparison of the results would give
us an indication of the effectiveness of the learning unit with regard to
the intended competence enhancement. The detailed presentation of the
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study design and evaluation of the learning unit is given in the next
chapter.

4.2. Study structure and evaluation

The aim of this study (Study 2) is the evaluation of the two content
parts of the digital learning unit “Internet searches as a basis for argu-
mentation in geography” and the assessment of its impact on learning.
To achieve this, we collected two different types of data (Fig. 5). First, in
addition to personal data on internet use and information behaviour, we
collected the students’ opinions and evaluations of the learning unit in
terms of realisation and usability, content and structure, and (perceived)
learning gains. To gather this data we added three questionnaires to Part
I and Part II of the learning unit, (a) a pre-task questionnaire, (b) a mid-
task questionnaire, and (c) a post-task questionnaire, in which the par-
ticipants gave their personal information, evaluated the learning unit
and assessed their (perceived) learning gains. Second, the participants
provided their work results from Part II of the learning unit, Applying the
learnt strategies, i.e. the results of their internet searches and their sub-
sequently written argumentations. Both of which were analysed by us in
a criterion-orientated way. Thus, a comparison could be made between
the participants’ self-assessment in the questionnaires and their actual
success in internet searches and argumentations. We used Microsoft
Excel to organise and evaluate the data collected, both from the ques-
tionnaires and from the analyses of internet searches and argumenta-
tion. In the following, the evaluation of the data collected is presented in
more detail, starting with the three questionnaires, followed by the
analysis of the internet searches and the evaluation of the
argumentations.

The pre-task questionnaire helped to get more information on our
participating students, such as socio-demographic details, education,
digital equipment, their internet use and information search habits. This
information helped us to explain or exclude any influences on possible
study results. It gave insights into the students’ use of the internet and
digital sources in their geography courses and thus gave some indication
of the participants’ previous knowledge. Further, through comparison
with representative surveys, it allowed us to assess whether we were
dealing with a representative group or whether they deviated strongly
from the norm in terms of internet use.

In the mid-task questionnaire the participants gave their feedback on
Part I of the digital learning unit, Learning about strategies. They evalu-
ated it regarding realisation and usability, content and structure, and
(perceived) learning gain. We saw these quality criteria as relevant for
the evaluation of our learning unit from the students’ perspective.
Although there are entire collections of quality criteria for e-learning
offerings, individual criteria must be defined context-specifically, inte-
grating learner orientation as a guiding principle for one’s own educa-
tional offering ([2], pp. 385, 391). The collected data helped us to make
an assessment of Part I of the learning unit, and also enabled us to
explain possible results of the following work task in Part II, in which the
students were supposed to apply the learnt strategies.

In the post-task questionnaire the participants had the chance to give
a feedback on Part II of the learning unit, Applying the learnt strategies, as
well as the entire learning unit regarding the above mentioned criteria.
They also evaluated the usefulness of the supporting material presented
to answer a geographical conflict (see Fig. 3) and self-assessed their own
learning gains regarding internet research, opinion formation and
argumentation on geographical conflicts after conducting the whole
learning unit. This helped us to find out which methods and materials
were particularly useful from the students’ perspective.

We further analysed the students’ results from Part II of the digital
learning unit, Applying the learnt strategies, namely their internet searches
and the development of their subsequent argumentations (Fig. 6).
Firstly, to evaluate the students’ success in their internet searches, we
analysed the information that the students wrote down in their table
during their information search (see Fig. 3, Number 1). We counted each
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Study Stucture

(a) Pre-taskquestionnaire

Part Learning about strategies

(b) Mid-task questionnaire

Part I1 Applying the learnt strategies

(c) Post-task questionnaire
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Study Evaluation

Evaluation of the students' answers e.g.
on socio-demographic details, technical

(2) equipment, internet use and digital
information behaviour
(b) Evaluation of students’ answers on

realisation and usability, content and
(c) = structure,and (perceived) learning gain

Evaluation of students’ work results: analysis
of the internet searches and the subsequent
argumentations

Fig. 5. Structure and evaluation of Study 2 (own illustration).

Internet searches Argumentation
Evaluation includes the following Evaluation of valid, relevant and accurate statements in
aspects: the argumentation:
- number of relevant and correct pieces of -> own opinion clearly stated moint
information the students found -
- number of justifications 1 point each

-> number of websites the students found
information on

-> number of different types of websites the
students found information on

- number of counter-arguments
-> number of rebuttals of counter-arguments

information specifying the arguments, such as
->numbers, figures, dates, sources
-> (further) perspectives
->temporal- and spatial references

0.5 points each

Fig. 6. Evaluation of internet searches and argumentation (own illustration); (cf. [18], 11, 2021, 8).

piece of relevant information that the students found during their
internet searches, defining “relevant information” as any correct infor-
mation that could serve as evidence for an argument about the conflict
(see [18], 11). For example, the statement “The operation of the ferry is
dependant on the weather and water levels” can be used as evidence in
an argument for a bridge construction. If the student then added the
information “The ferry cannot operate at low water”, this is not counted
as further piece of information as it merely specifies and supports the
previous statement, but cannot be used as evidence for a new argument.
We further counted the absolute number of websites and the number of
different types of websites that students used to extract information
about the conflict. Secondly, to assess the students’ arguments, we
analysed the argumentations that the students wrote down in the
structural framework (see Fig. 3, Number 4). We scored each justifica-
tion, each counter-argument, and each rebuttal of a counter-argument
with one point, provided that the arguments were accurate, relevant
and valid ([12], pp. 117-119). We gave an additional 0.5 points when
students used specific information, such as numbers and figures, when
the students related an argument to a particular actor, source, place or
time (see [21], 8-9). To present an example of our argumentation
assessment, Fig. 7 presents an excerpt of a student’s argumentation with
our scoring.

To be able to assess the students’ success in their internet searches
and argumentations, we compared the results of Study 2 (conducted in
2020/2021), in which the students used the learning unit, with the re-
sults of our initial Study 1 (conducted in 2018), in which the students did
not use the learning unit, but only did the work task, as mentioned in
Section 4.1. To ensure comparability of the results we used precisely the
same work task and the same evaluation methods for the students’
internet searches and argumentations in both studies. In order to sub-
stantiate the descriptive statistics, we have performed t-tests to assess
whether there is a statistically significant difference between the re-
ported averages of both study groups. Using the Kolmogorov-Smirnov
test we have tested for the normal distribution of the underlying
datasets.

4.3. Study implementation and participants

The implementation of this study (Study 2) took place in the context
of geography teaching courses at the University of Cologne, as well as in
the context of upper secondary school geography lessons. Although
these were compulsory courses for the study participants, their partici-
pation in the questionnaires and the provision of their work results from
the internet searches and argumentation were voluntary. All course

"I would position myself on the side of the [bridge] supportersH own opinion clearly stated (2 points) ‘

[...] In addition, people would no longer be dependent on the
ferry, which can promote social and cultural contacts, as they 1 justification (1 point)

are no longer reliant on ferry times.

The citizens'initiative "Yes to the ferry - No to the bridge"
clearly positions itself against the construction of the bridge.
They argue with enormous environmental pollution and its
consequences. However, the Elbe bridge will shorten many .
routes to work or school, which will reduce the pollution..." }{ rebuttal (1 point)

H source (0.5 points)

jH counter-argument (1 point)

Fig. 7. Excerpt of a students’ argumentation with evaluation (own illustration).
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participants had the opportunity to carry out the digital learning unit
without evaluating it and without giving their consent to the use of their
work results for scientific purposes. They did not suffer any disadvan-
tages if they did not participate in the study. We explicitly pointed out
the voluntary nature of their participation.

The study was conducted between fall 2020 and spring 2021. Due to
the coronavirus pandemic, it thus fell into the predominantly home-
schooling phase, both at university and school. All participating stu-
dents stated that they had the necessary technical facilities and access to
the internet at home. When the university students did the study, they
were introduced to the materials by the teacher via the Zoom video
teleconferencing software programme and were digitally accompanied
by the teacher via Zoom while carrying out the study. The secondary
school students were able to start the study together with their teacher in
the classroom, and then finished it on their home computers.

The study unit was carried out by university students of geography at
the University of Cologne (37) and secondary school students (22) from
North Rhine-Westphalia. Through our personal experience as teachers of
upper secondary school students and prospective geography teachers at
university, we considered it very relevant for both groups to expand
their competences in the area of internet research and argumentation on
geographical conflicts. The participating secondary school students
were between 16 and 19 years old, with an average age of 16.9 years.
They had all chosen geography as a major course of study, with 5 lessons
per week. The participating university students were geography stu-
dents on a Bachelor’s teaching degree programme, except one, who was
already in his Master’s programme. Many of them were rather in the
early stages of their geography studies. They were between 19 and 28
years old, with an average age of 23.2 years. All participants were almost
equally divided between male (52%) and female (48%). The average age
of all participants was 20.8 years old. All study participants stated that
they had not heard anything before about the geographical conflict in
the application task in Part II of the digital learning unit- the con-
struction of a bridge between Darchau and Neu Darchau, Germany.
Table 1 shows how many participants took part in the individual parts of
the project and made their work results available. The number of par-
ticipants during each part of the study became progressively smaller.
This may have been due to the lower learning motivation during home-
schooling in the coronavirus pandemic. Furthermore, some participants
did not hand in their results or did not consent to the use of their work
results. We also believe that some students considered the unit finished
after carrying out the task and simply forgot to fill in the final
questionnaire.

In terms of internet behaviour, our study participants estimated their
daily internet use at 273 min per day. This result was very similar to the
representative results of the JIM Study, a far larger survey of 1002 young
people in Germany, in which the 16 to 19 year olds estimated their daily
internet use at 285 min ([40], p. 34). Concerning their digital infor-
mation behaviour, too, the results for our study group are in most as-
pects similar to the results of the JIM Study. Our study participants
stated that they use the following sources on a daily basis or several

Table 1
Study participants in the different sections of the study (own illustration).

Study section University students who
submitted their results and

consented to their use

Upper secondary school
students who submitted their
results and consented to their
use
Pre-task 37 22

questionnaire
Mid-task 34 21

questionnaire
Part II: Applying 27 12

the learnt

strategies
Post-task 25 15

questionnaire
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times per week to find information online: search engines such as Google
(98%), video platforms such as YouTube (69%), news on Face-
book/Twitter or similar (58%), and Wikipedia or similar (51%). In the
JIM Study, the 16 to 19 year olds stated that they retrieve information
daily or several times a week via search engines such as Google (91%),
via YouTube (62%), via Wikipedia or similar (41%), and via Face-
book/Twitter (26%) (ibid, 51).

With regard to internet use in geography courses, the majority of
secondary school students stated that they regularly search for infor-
mation on the internet for their geography homework and for work
assignments, followed by occasional digital information searches to
prepare presentations. The university students reported using internet
research for their geography classes most regularly to answer work as-
signments in class and to prepare presentations, followed by internet
research to complete their homework.

5. Results
5.1. Global evaluation of the digital learning unit

The students evaluated Part I and II of the digital learning unit in the
questionnaires, largely in closed questions with verbalised answer op-
tions, following the Likert scale, e.g. with answer options ranging from
“very great” to “none”. After they had completed Part I of the learning
unit, Learning about strategies, they assessed it in the mid-task ques-
tionnaire in terms of realisation and usability, structure and content, and
(perceived) learning gain. Having completed Part II, Applying the learnt
strategies, they evaluated the entire learning unit in the post-task ques-
tionnaire with regard to the criteria mentioned above.

Regarding realisation and usability, the general feedback on the
digital learning unit was mostly positive, as shown in Fig. 8. The vast
majority stated that they liked the layout of the learning unit and that it
was technically easy or mostly easy to use. Furthermore, all students but
one assessed the media and task formats as varied or mostly varied. In
terms of structure, almost all participants answered the question
whether they found the structure of the learning unit comprehensible
with ‘yes’ or ‘mostly yes’.

Regarding the contents of the digital learning unit, more than 90% of
the participants found the presentations and videos in Part I, Learning
about strategies, interesting or mostly interesting, and the interactive
tests and quizzes useful or mostly useful for repeating and practising the
contents of the presentations and videos. About three quarters of the
participants stated that the strategies presented in Part I, Learning about
strategies, were helpful or mostly helpful in completing Part II, Applying
the learnt strategies. 83% also stated that they found the work tasks in
Part IT useful or mostly useful to practise the strategies presented to them
in Part L.

The students rated the working material provided (as presented in
Fig. 3) as mostly helpful. As shown in Fig. 9, 90% of the participants
gave a positive answer to the question of whether the table (see Fig. 3,
Number 1) was helpful in gaining an overview of the information they
had found on the internet. The vast majority stated that they would
probably use this kind of table in future internet research on complex
topics again. The pro/con table (see Fig. 3, Number 2) and the structural
framework (see Fig. 3, Number 4) were rated as helpful or mostly helpful
in forming their opinion and writing their argumentation by more than
80% of the participants. The usefulness of the opinion ray (see Fig. 3,
Number 3) was rated lower, with the majority finding it unhelpful or of
little use.

Regarding overall learning effects, 74% of the participants respon-
ded to the question of whether they would rate their learning gains from
working through the digital learning unit as high with “yes” or “mostly
yes”. The vast majority stated, in the mid-task questionnaire, that they
had learned new strategies for internet research, opinion formation and
argumentation about geographical conflicts in Part I, Learning about
strategies. As shown in Fig. 10, the vast majority of students stated in the
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Evaluation of the whole OER
Did you like the layout?
Was it technically easy to carry out?
Were the media and task formats varied?
Was the structure comprehensible ?

0% 20% 40% 60% 80% 100%

Byes BEmostlyyes Emostlyno Mno Bdon'tknow

N=38/39

Fig. 8. Participants’ responses to evaluation questions about the whole digital learning unit (N = 38/39; own illustration).

Did the working materials help you to maintain an overview of the
information from the internet search, to form an opinion and to write
an argument on the conflict?

Table (information search)
Pro/con table (opinion formation)

Opinion ray (opinion formation)

0% 20% 40% 60% 80% 100%

Structural framework (argumentation)

Hyes B mostly yes B mostly no Eno don't know

N=40

Fig. 9. Participants’ answers to the question whether the supporting work material helped during their internet search, their opinion formation and their argu-
mentation (N = 40; own illustration).

How would you assess your own learning gains in terms of your
strategies for internet searches, opinion formation and
argumentation on geographical conflicts?

Internet searches on
geographical conflicts

Forming opinions on

. . 10% 40% 3%
geographical conflicts 2
Argumer.ltatlons (?n 3% 3% 5%
geographical conflicts
0% 20% 40% 60% 80% 100%
N=40 Wvery great W great Omedium B little Enone

Fig. 10. Participants’ evaluation of their own learning gains through the digital learning unit (N = 40; own illustration).

post-task questionnaire that they had achieved learning gains by
working with the learning unit, with almost half of the participants
rating their own learning gains in the three learning areas of internet
research, opinion formation and argumentation on geographical con-
flicts as “great” or “very great”. Less than 20% stated that they had
achieved “little” or “none”. In the following, we will present the stu-
dents’ results in the internet research and argumentation and explore
the question of the extent to which the students’ self-assessments in the
questionnaires correspond to their actual performance.

5.2. Performance in internet searches

In Part II of the digital learning unit, Applying the learnt strategies, the
students applied the strategies presented beforehand in Part I by

independently searching the internet to find information on the
geographical conflict in question, by forming their opinion on the con-
flict and by writing their argumentation. Regarding the internet search,
80% of the participants stated, in the post-task questionnaire, that it was
easy or mostly easy for them to find information about the conflict on the
internet and 65% stated that they were happy or mostly happy with the
results of their internet search. The table that the students used to
organise the information they had found on the internet (see Fig. 3,
Number 1) was positively evaluated by most participants and was filled
in conscientiously by the vast majority of participants, as students noted
the name of the source, author or publisher of their information search
in 90% of the cases.

In the following, the results of the internet searches conducted by the
students in the context of the digital learning unit will be presented. As
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shown in Fig. 11, our study participants found, on average 7.7 pieces of
information on the conflict by searching the internet, with the secondary
school students finding on average 8.5 pieces of information and the
university students 7.4. The vast majority of participants found infor-
mation from economic, ecological and social points of view and they
thus gained a good basis for forming an opinion on the conflict based on
multi-dimensional information. The students found this information on
an average of 3.6 websites, with the secondary school students using on
average of 3.3 and the university students 3.7 websites. This average
number of websites that the students used to search for information
included 2.7 different types of websites for both secondary school stu-
dents and university students. As shown in Section 2.2, the use of
different kinds of websites can be beneficial to understanding a
geographical conflict in its entirety.

To evaluate the students’ performances in the internet searches, we
compared the results of Study 2 (conducted in 2020/2021 with usage of
the learning unit) with the results of Study 1 (conducted in 2018 without
usage of the learning unit). As shown in Fig. 11, the number of website
the students used and the amount of information they found on these
websites was very comparable in the two studies, with an average of 7.9
pieces of information in 2018 and an average of 7.7 pieces of informa-
tion in 2020/2021. The average number of websites they found the in-
formation on was identical in both studies, with an average of 3.6
websites in 2018 and in 2020/2021. The fact that these numbers were
similar in both study groups shows that this average amount of infor-
mation and the usage of this number of websites was probably the
amount needed for the students to feel they had an overview of the topic
and could form an opinion on the conflict. It also showed that the stu-
dents who carried out the study in 2018 were able to research the topic
on the internet and find a sufficient amount of information, even
without working through the OER.

Looking at the number of different types of websites students used to
find information was somewhat different. These increased by around
23%, from an average of 2.2 different types of websites in 2018 to an
average of 2.7 different types of websites in 2020/2021. In both studies,
around 90% of participants used news websites to find information
about the conflict. In the 2020/2021 study, 87% also used private action
group websites, while in the earlier study only 55% used private action
group websites. Thus, not only does the number of different types of
websites used to gather information show an increasing trend, but also
the type of websites used indicates a positive trend towards the gath-
ering of multi-dimensional information. The more frequent use of
different types of websites could be due to the contents presented in Part
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I of the learning unit, Learning about strategies, which we used to
demonstrate the usefulness of different types of websites for opening up
a conflict. The organisation of information and sources in the pre-
fabricated table for organising the information found (see Fig. 3, Num-
ber 1) may also have had a beneficial effect on the use of different types
of websites, as it provided a quick overview over the websites used.

The results are supported when applying inferential statistics to the
datasets. Based on the Kolmogorov-Smirnov test of normality we cannot
reject the null hypothesis that the data are normally distributed at a
confidence level of 95%. Thus, our assumption is that the data is
(broadly) normally distributed. Above findings are supported based on t-
tests to assess whether there are statistically significant differences in the
averages of Study 1 and Study 2 of the three elements regarding stu-
dents’ performance in internet searches. Specifically, we fail to detect
significant differences between “relevant pieces of information found
during internet search” and “websites students found information on”.
Students in both groups performed similarly in these two aspects. In
contrast, the difference (increase) in “different types of websites the
students found information on” is statistically significant both at the
95% and 99% level (p value of 2.553 with 56 degrees of freedom and a
significance level of 1.674 (95%) respectively 2.397 (99%)). Accord-
ingly, in this aspect the participants of Study 2 who worked with the
digital learning unit performed significantly better than the participants
of Study 1 who worked without the digital learning unit.

5.3. Performance in the argumentation task

In the argumentation developed on the basis of the internet searches,
the participating students showed that they were able to form an opinion
on the conflict with the information they found and justify it argu-
mentatively. As shown in Fig. 12, they used an average of 3.3 justifi-
cations to support their opinion. All students also integrated at least one
counter-argument, with an average of 2.6 counter-arguments in the
argumentations. A large number of the counter-arguments mentioned
were rebutted by the students in their argumentation, with an average of
1.6 rebuttals per argumentation, which thus significantly increases the
quality of the reasoning. The students also showed that they understood
the multi-dimensionality of the conflict by including an average of 5.2
different perspectives in their argumentation. The students also
included, on average, 2.3 spatial references in their argumentations and
thus showed that they were able to include the spatial features of the
location (e.g. the Elbe valley floodplains as an ecosystem worthy of
protection) or its positional relationship to other locations (e.g. no other

Comparison between students' performance in Internet searches in
the studies of 2018 and 2020/2021

total number

3.6

@ Study 1, conducted in
2018 (without usage of
the digital learning unit)

O Study 2, conducted in
2020/2021 (with usage
of the digital learning
unit)

relevant pieces of websites students different types of
websites the

students found

information on

information found found information
during internet on
search

Fig. 11. Comparison between students’ performance in internet searches in the studies of 2020/2021 (N = 38) and 2018 (N = 20), ([18], p. 12).
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Quality of students' argumenations - average student argumentation
pattern

Study 2, conducted in
2020/2021 (with usage of
the digital learning unit)

Study 1, conducted in 2018
(without usage of the digital
learning unit)

33

35 [ .. 3.6

0.5

average number of different elements in the argumentations

@validated justifications
B validated perspectives

DOvalidated counter evidence

B validated rebuttals

@ spatial references

Fig. 12. . Comparison of average students’ argumentation patterns in the studies of 2018 (N = 19) and 2020,/2021 (N = 39) (own illustration).

bridge in the immediate vicinity; long detours in the event of ferry
failure) in their opinion-forming and argumentation.

Comparing the results of the argumentation task, we noticed that the
students performed considerably better in Study 2 of 2020/2021 (with
usage of the learning unit) than in Study 1 of 2018 (without usage of the
learning unit). In 2018, the participants scored, on average, 10.3 points
in the argumentation task ([20], p. 13), whereas in 2020/2021, the
participants achieved, on average, 13.6 points, with the secondary
school students achieving, on average, 15.8 points and the university
students 12.6 points. Thus, both groups were clearly better, on average,
than the participants in 2018 and showed a higher quality of argu-
mentation. We can only make assumptions about why the secondary
school students scored better than the university students. Perhaps they
are more used to writing argumentations in their everyday school life or
they are more used to working with structural frameworks for writing
texts. We can certainly state that the sample of secondary school stu-
dents was very small, with only 12 argumentations submitted for eval-
uation. Among them were three students who scored 20 or more points
and thus pulled up the average very strongly.

When comparing the student argumentation patterns in the two
studies, it is striking that, on average, students in Study 2 of 2020/2021
used slightly fewer justifications to support their own opinions; however
they used more counter-arguments, more rebuttals of counter-
arguments, more perspectives and more spatial references (Fig. 12).
This evaluation indicates that there was an improvement in terms of the
quality of geographical argumentation. Rather than primarily using
opinion-supporting arguments to justify their own position, the students
were able to introduce and rebut more counter-arguments, introduce
more arguments from different perspectives and add spatial references
to the argumentation. The quality of the argumentations was also sub-
stantially better, as over 60% of the participants in Study 2 of 2020/
2021 used sources to indicate the origins of the arguments mentioned. In
Study 1 of 2018, only 5% (1 participant) integrated sources into his/her
argumentation. Even though secondary school students and university
students in the 2020/2021 study scored differently in the arguments,
both groups scored better than the secondary school students in 2018. In
fact, when comparing only the secondary school students in the two
studies, the average score in the argumentations actually increased by
over 50% from 2018 to 2020/2021.

To support the descriptive statistics respectively the comparison of
average students’ argumentation patterns, we perform t-tests* to assess
whether there is a statistically significant difference between the re-
ported averages of the participants of Study 1 and Study 2. We find that
there are significant differences between the averages of "validated
counter evidence (total number)", "perspectives (total number)" and
"spatial references (total number)" both at the 95% and 99% level (p

4 We have tested for the required normal distribution of the underlying
datasets using the Kolmogorov-Smirnov test and cannot reject the null hy-
pothesis that the data are normally distributed at a confidence level of 95%.
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values of 2.706, 3.248 and 5.869 with 56 degrees of freedom and a
significance level of 1.674 (95%) respectively 2.397 (99%)). With regard
to these three aspects, participants in Study 2 were able to significantly
improve their argumentation quality by working with the digital
learning unit, compared to participants in Study 1 who did not work
with the learning unit. We fail to detect a significant difference in the
means of '"validatedjustifications (total number)" and "validated re-
buttals (total number)". Thus, there was no (significant) improvement in
these aspects among Study 2 participants. Looking at the subgroup of
upper secondary students (12) these results are confirmed, i.e. we detect
significant differences in the averages both at the 95% and 99% level for
"validated counter evidence (total number)", "perspectives (total num-
ber)" and "spatial references (total number)" (p values of 3.808, 3.934
and 3.723 with 29 degrees of freedom and a significance level of 1.699
(95%) respectively 2.462 (99%)) but not the remaining two elements
("validated justifications (total number)"; "validated rebuttals (total
number)"). All in all, the inferential statistics support our descriptive
finding that the participants in Study 2 (with usage of the digital
learning unit) show a (statistically significantly) higher quality of
argumentation as measured by three key elements.

An example of the integration of sources and spatial references is
shown in Fig. 13, which quotes an excerpt of a study participant’s
argumentation from Study 2. None of the participants in Study 1
incorporated as many spatial references or source references into their
arguments as seen in this text excerpt. The text example also nicely
demonstrates how well some students were able to integrate different
perspectives into their argument. The student incorporated economic,
natural, and social/cultural perspectives into this section of the
reasoning.

Different measures seem to have supported the students of Study 2 in
developing their argumentations. The majority of participants answered
the questions about whether the contents of Part I of the digital learning
unit, Learning about strategies, and the structural framework provided in
Part II, Applying the learnt strategies (see Fig. 3 Number 4), helped them to
write the argumentation with “yes” or “mostly yes”. The pro/con table
(see Fig. 3, Number 2), which was supposed to support the formation of
opinions and the preparation of argumentations, was also evaluated
mostly positively. In addition, the increased use of different types of
websites, especially the increased use of private action group websites to
extract information, may have led to a better understanding of the
conflict and thus enabled argumentations of higher quality. In summary,
although the students from Study 2 in 2020/2021 did not find more
information about the conflict on the internet through the use of the
learning unit than the students from Study 1 in 2018, they were able to
process the information into higher quality arguments. This suggests
that the learning unit particularly promoted the writing of a geograph-
ical argumentation based on the information found on the internet.

6. Conclusion and discussion

The aim of our study was to find out whether competencies in
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“The historical background speaks for [the construction of a bridge], because especially after the
unification of East and West, a direct connection of the two communities would seem to be
quite reasonable, which is pointed out by the bridge supporters' association. Furthermore, the
economic benefit should be addressed, because the bridge would also allow companies on both
sides to cooperate more closely and easily, and job capacities would also increase on both sides,
since the time-consuming and unsafe ferry connection would be eliminated, which the Liineburg-
Wolfsburg Chamber of Industry and Commerce also discovered through its business survey. The
ferry is dependent on optimal conditions [of the water level] for its operation, which could
increasingly become a problem in the course of climate change and drought. A bridge would also
be a relief for the citizens, as both places are rather rural and a connection would improve the
infrastructure and increase the quality of life. However, there are also some disadvantages that
speak against the construction of a bridge. For example, the environmental damage that the
construction of the bridge will bring, because according to the citizens’ initiative "Yes to the ferry,
no to the bridge", there is a biosphere reservoir in the Elbe, which will be severely damaged by

the construction.”

Fig. 13. Excerpt of student XX’s argumentation from Study 2 with source references (underlined) and spatial references (in bold); translated from German

into English.

geographic internet searches and the processing of the information
found in the form of argumentations can be promoted with the digital
learning unit “Internet searches as a basis for argumentation in geog-
raphy.” We wanted to draw conclusions on the effectiveness of the
learning unit which was designed for secondary school students and
university students of geography with the goal of teaching targeted
strategies for internet searches and subsequent argumentations on
geographical conflicts. Therefore, 39 students completed the digital
learning unit and we analysed and evaluated their conducted internet
searches and their subsequently written argumentations. Also, the stu-
dents evaluated the learning unit by means of digitally provided ques-
tionnaires. In the following, the research questions raised in the
introduction will be answered and discussed.

(I) How do students evaluate the digital learning unit in terms of real-
isation and usability, content and structure, and (perceived) learning

effect?

The digital learning unit has been evaluated rather positively con-
cerning all of the above mentioned aspects. It did not seem to pose any
major obstacles for the students in terms of technical usability and it was
visually appealing in terms of layout. The structure of the learning unit
seemed logical to almost all students and the vast majority were able to
practise the contents of Part I of the learning unit, Learning about stra-
tegies, in Part II, Applying the learnt strategies. The working materials
which were designed to support the internet searches, opinion formation
and argumentation were predominantly assessed as useful, apart from
the opinion ray, which was supposed to enhance the formation of stu-
dents’ opinions. Around 80% of the participants stated that they had
made learning progress through the learning unit in all three sub-areas
of internet searches, opinion formation and argumentation on
geographical conflicts.

Our learning unit is available as OER, which can basically be put
online without review, unlike for example textbooks, which go through
a publication process. Thus, the responsibility for ensuring the quality of
an OER ultimately lies with those who provide it ([13], p. 12). We had
the learning unit assessed by those who are supposed to use it and whose
competences are supposed to be enhanced: secondary school students
and prospective geography teachers. The mostly positive evaluation in
terms of content and structure were particularly important as we are
dealing with a digital learning format. In contrast to face-to-face
teaching, the content of digital learning formats must be clearly un-
derstandable, as cognitive overload cannot be recognised and compen-
sated for by attending teachers ([35], p. 35). Also, the fact that the
students predominantly assessed their learning gain as high, probably
allows positive conclusions to be drawn about the content and structure
of the course unit: Research on satisfaction and perceived learning gains
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in university online learning environments identified a significant
relationship between course structure and perceived student learning
[23]. Furthermore, an appealing layout and high usability are not just a
nice-to-have in the learning context, since an ill-designed user interface
can be a barrier to learning effectively ([1], p. 281). However, even if the
students’ evaluation of the learning unit was mostly positive, when
implementing the digital learning unit with courses, consideration
should be given to the fact that also in online learning environments
personal contacts, such as instructor caring ([30], p. 9) or interaction
([3], p- 288) can affect learner effort, motivation and performance.
Restrictively, we did not compare the medium of the digital learning
unit with another medium for teaching internet research and argu-
mentation on geographical questions, e.g. worksheets. Therefore, it can
only be shown that the digital learning unit is positively assessed by the
participants and not whether it is more positively assessed in compari-
son to the use of other media.

(I) To what extent can the digital learning unit improve students’ internet
searches and subsequent argumentation on complex geographical
conflicts?

In Part II of the digital learning unit, Applying the learnt strategies,
students conducted an internet search on a geographical conflict and
subsequently wrote an argumentation using the information they had
found. The analysis of the internet searches showed that each student
found, on average, almost 8 pieces of information that they could use as
evidence in their arguments. Based on this amount of information, the
students were able to form their opinion on the conflict and to write
multi-dimensional argumentations. The results of the subsequently
written argumentations were considered to be satisfactory. The students
were able to justify their opinions in multi-dimensional argumentations
with numerous justifications, counter-arguments, rebuttals, and spatial
references. When comparing the studies from 2018 (without usage of the
learning unit) and 2020/2021 (with usage of the learning unit), it is
noticeable that the average number of pieces of information found by
the students on the internet and the average number of websites used to
extract information were almost identical in both studies. This suggests
that this amount of information and websites was probably the amount
needed by the students to form an opinion on the conflict. The students
in the recent study of 2020/2021 increased the number of websites of
private action groups used for information retrieval, where the authors’
interests in the conflict are usually described in detail, instead of mainly
relying on overview information on news websites. This may have
positively influenced the subsequent argumentation. The results suggest
that the learning unit seems to have a beneficial effect on the quality of
the processing of the information found in the form of geographical
argumentations. The number of counter-arguments, rebuttals of
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counter-arguments, perspectives and spatial references that the students
integrated into their argumentations increased by conducting the
learning unit in comparison to the performance of students in the study
in 2018, who did not carry out the learning unit. Different from what we
would have expected, in the study of 2020/2021, university students
performed slightly less well in the argumentation than secondary school
students, though they still performed better than the study participants
in the study of 2018.

There are different possibilities as to why students’ argumentations
have improved as a result of the digital learning unit. First, in Part I of
the learning unit, Learning about Strategies, the students were introduced
to the aspects that are important for high-quality geographical infor-
mation by means of a presentation, the contents of which were repeated
in a digital cloze test. The students were thus able to independently
check their newly acquired knowledge. Even if self-tests cannot neces-
sarily reach the quality of face-to-face feedback, they are still valuable
support for learners, especially in e-learning scenarios, as feedback from
fellow learners or teachers is missing and they can be used for self-
assessment ([28], p. 129). Second, during their internet searches, the
students noted down the information they found in a table and thus
embedded it in background information: for each piece of information
found, the students were asked to note the source, the author, the year
and the actors involved. As the actual evaluation of source information is
often a very demanding task ([47], p. 176) and particularly difficult for
readers who lack content knowledge ([21], p. 404) the students of this
study thereby took first steps in engaging with the sources used. Writing
down the author, source and actors may have led students to question or
recognise the authorial interest of the source, as often the interests of
digital sources are not questioned or recognised [10,38]. The engage-
ment with the digital information and sources (websites) laid the
foundation for the argumentation that followed, where they were able to
integrate this information and make the argumentation of high quality.
Among other things, we saw a noteworthy improvement in terms of
source citation in the argumentation, compared to Study 1 in 2018,
where students generally did not note down their sources while
researching and accordingly did not integrate them into their argu-
ments. Existing research confirm that there is a positive interaction
between the evaluation of credibility during internet searches and the
engagement with sources in the subsequent written products ([34], p. 9)
and well-justified argumentations ([5], p. 760). Third, organising the
arguments in the pro/con table may have had a positive impact on the
cognitive processing of the information and on the final writing of the
argumentation. This has been confirmed by the students’ positive
evaluation of the pro/con table. This strategy of writing down structured
notes in pros and cons was only applied by some of the participants in
Study 1. Some of the individual answers in an open answer section of the
post-task questionnaire also confirmed the usefulness of the pro/con
table: “It was clearer and more sorted, giving a better view of the pro and con
arguments. This led to an easier and faster formation of the opinion.” “I was
better able to weigh the arguments for and against the bridge.”> Fourth,
students wrote their argumentations in a structural framework (scaf-
folding) that listed the main structural and content elements of a
geographical argumentation in a structured way. Scaffolding is a
learning support that enables learners to cope with tasks that they would
not be able to deal with on their own and thus promotes independence in
the processing of tasks ([27], pp. 15-17). In our digital learning format,
where students are expected to apply new content without the support of
a teacher, we felt that a structural framework was useful here to support
the students in applying the strategies presented earlier. The aim would
be for students to be able to write high quality geographical argumen-
tations independently in the future without the scaffolding.

Existing research showed that internet searches on geographical
conflicts and writing subsequent argumentations require different skills

5 The quotes were translated from German to English
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that need to be fostered ([18,20]). The results of our study show that
both, subject-specific internet searches on geographical conflicts and the
processing of information in the form of argumentation, can be didac-
tically promoted using our digital learning unit. Learning about targeted
strategies and the usage of supporting learning material seem to have
helped students to engage more deeply with the online information and
sources, and to considerably improve their subsequent argumentations.
This suggests that for writing a geographical argumentation on the basis
of internet searches not only cognitive skills, but also methodological
competencies are needed and can be learned. Thus, our study represents
a component for the promotion of students’ digital information literacy.
Further research has shown that, for our purposes complementary skills,
such as evaluating digital information and sources [43,50] can be
fostered through educational interventions. These and our findings show
that it is worth using new learning methods to teach students the in-
formation skills required in the 21st century, but there is a need for
teachers who are willing to integrate digital methods into their teaching
and who are able to use digital technologies profitably to teach subject
content ([36], p. 923).

6.1. Limitations and implications

We are aware, that our research may have some limitations. The first
is, that our findings provide initial insights into the promotion of
internet searches and subsequent argumentation in geography educa-
tion. Our study group is not large enough to obtain representative results
and further feedback from teachers and students using the learning unit
in their geography courses should be sought to verify our findings. The
second limitation is a methodological one. Our study was embedded into
a design-based research approach which lent itself very well to our
purposes. Since we opened up a new field of research, we first found out
about the strategies and problems in internet searches and subsequent
argumentation among students in a first study ([18,20]) and, on the
basis of these findings, developed supporting measures and now tested
them in a second study. Of course, this entails inaccuracies because the
two study groups of the initial and follow-up studies are not identical.
However, a pre- and post-test with the same study group would entail
other inaccuracies, e.g. that different research tasks would have to be
worked on, which would make the evaluation difficult to compare. It
seems all the more interesting that both of our study groups found an
almost identical amount of information on the conflict on the internet,
but then processed this information differently in their argumentations.
Nevertheless, in retrospect, it would have been useful to test the argu-
mentation competencies of the study participants in advance. It cannot
be ruled out that the participants in Study 2 already had higher argu-
mentation competencies than the participants in Study 1. Third, our
study findings are based on the working results of a specific geographical
question that the students were asked to research and answer argu-
mentatively, which was whether a bridge should be built between the
towns of Darchau and Neu Darchau. It cannot be ruled out that a
different geographical question would yield different results. Also, fac-
tors such as interest in the question or personal attachment to the
researched geographical conflict could influence the results. However,
with the example of the bridge construction in Neu Darchau, we have
chosen a conflict that has typical characteristics of geographic conflicts
in order to thus increase the transferability of the results. The fourth
limitation relates directly to our digital learning unit, which is the
subject of this study. In order to complete the learning unit, students are
required to have basic knowledge of digital information and internet
skills, such as basic knowledge of using search engines and digital map
programmes. The learning unit further does not provide students with
in-depth information on the problem of fake news or address the topic of
the filter bubble, the fact that search queries are personalised by ma-
chines and that previous choices can influence current search results
([48], p. 68). Our learning unit trains students in the specific challenges
when dealing with digital information on multidimensional,
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geographical conflicts, such as to question the interest of the source by
identifying the author, the actors named and their opinions. However,
there is a need for further interdisciplinary courses or projects that
educate students about specific internet competencies, such as knowl-
edge about the peculiarities and dangers of information extraction on
the internet or skills in checking the credibility of websites such as lateral
reading [52].

The results of our study may not only be interesting for teachers of
geography, but also be of interest to teachers and educational re-
searchers of other disciplines, such as politics or history, where complex,
multi-dimensional problems are also addressed in class and researched
on the internet. Our learning material can help structure information
from the internet when students are dealing with multiple documents on
critical topics. As we include newly developed teaching content and
materials based on recent findings in our digital learning unit, it may
also be useful for experienced (geography) teachers and for other edu-
cators to gather ideas, inspiration, and examples for teaching informa-
tion literacy (see [45], 17). This study has taken a big leap forward in our
project to develop subject-specific teaching concepts and materials for
geographical internet searches and subsequent argumentation. The
learning unit should now be carried out with larger learning groups and
be made easily accessible to teachers at universities and secondary
schools.

Funding

The digital learning unit "Internet research as a basis for argumen-
tation in geography lessons" was developed as part of the project
“DiGeo” to enhance competences for the responsible use of digital
geomedia in geography teacher education. This project is funded by the
Federal Ministry of Education and Research.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

We would like to thank Sebastian Seidel, who, together with Alex-
andra Budke, is leading the DiGeo sub-project 1 “Argumentation/
Communication”, which investigates the usability of digital geomedia to
strengthen the argumentation skills of teacher education students and in
which our OER was embedded.

References
[1] Ardito C, Costabile MF, Marsico MD, Lanzilotti R, Levialdi S, Roselli T, Rossano V.

An approach to usability evaluation of e-learning applications. Univ Access Inf Soc

2006;4(3):270-83. https://doi.org/10.1007/s10209-005-0008-6.

Arnold P, Kilian L, Thillosen A, Zimmer G. Handbuch e-learning—lehren und

lernen mit digitalen medien (5. Auflage). 2018. W. Bertelsmann.

Baber H. Determinants of students’ perceived learning outcome and satisfaction in

online learning during the pandemic of COVID19. J Educ E-Learn Res 2020;7(3):

285-92. https://doi.org/10.20448/journal.509.2020.73.285.292.

Bagoly-Simé P, Hartmann J, Reinke V. School Geography under COVID-19:

geographical knowledge in the German formal education. Tijdschr Econ Soc Geogr

2020;111(3):224-38. https://doi.org/10.1111/tesg.12452.

Barzilai S, Tzadok E, Eshet-Alkalai Y. Sourcing while reading divergent expert

accounts: pathways from views of knowing to written argumentation. Instr Sci

2015;43(6):737-66. https://doi.org/10.1007/s11251-015-9359-4.

Bawden D, Robinson L. Promoting literacy in a digital age: approaches to training

for information literacy. Learn Publish 2002;15(4):297-301. https://doi.org/

10.1087/095315102760319279.

Becker BW. Information literacy in the digital age: myths and principles of digital

literacy. School Inf Stud Res J 2018;7(2). https://doi.org/10.31979/2575-

2499.070202.

Betsch T, Funke J, Plessner H. Denken - Urteilen, entscheiden, problemlosen: mit

14 tabellen. Springer; 2011.

[2

—

[3]

[4]

[5

—

(6]

[7

—

[8

—

14

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Computers and Education Open 3 (2022) 100090

Brand-Gruwel S, Wopereis I, Walraven A. A descriptive model of information
problem solving while using internet. Comput Educ 2009;53(4):1207-17. https://
doi.org/10.1016/j.compedu.2009.06.004.

Breakstone, Joel, Smith, Mark, Wineburg, Sam, Rapaport, Amie, Carle, Jill,
Garland, Marshall, Saavedra, Anna, & Breakstone, Joel. (2019). Students’ civic
online reasoning: a national portrait (Stanford History Education Group & Gibson
Consulting, Ed.). https://purl.stanford.edu/gf151tb4868.

Budke, A., Creyaufmiiller, A., Kuckuck, M., Meyer, M., Schébitz, F., Schliiter, K., &
Weiss, G. (2015). Argumentationsrezeptionskompetenzen im Vergleich der Facher
Geographie, Biologie und Mathematik. In A. Budke, M. Kuckuck, M. Meyer, F.
Schébitz, K. Schliiter, & G. Weiss (Eds.), Fachlich argumentieren lernen: didaktische
forschungen zur argumentation in den unterrichtsfachern (pp. 273-97). Waxmann.
Budke A, Uhlenwinkel A. Argumentieren im Geographieunterricht -Theoretische
Grundlagen und unterrichtspraktische Umsetzungen. H. Roderich, G. Stober, & C.
Meyer (Eds.). Geographische bildung. kompetenzen in der didaktischer forschung
und schulpraxis. Westermann; 2011. p. 114-29.

Butcher N, Kanwar A, Uvali¢-Trumbi¢ S. A basic guide to open educational
resources (OER). Commonwealth of Learning ; UNESCO. Section for Higher
Education; 2011.

Delcker J, Ifenthaler D. Teachers’ perspective on school development at German
vocational schools during the Covid-19 pandemic. Technol Pedagogy Educ 2021;
30(1):125-39. https://doi.org/10.1080/1475939X.2020.1857826.

DGFG, D.G.fiir G.(Ed.). (2014). Educational standards in geography for the
intermediate school certificate—with sample assignments. https://vgdh.geographie.
de/wp-content/docs/2014/10/geography_education.pdf.

Eickelmann B. Forderung von Informationskompetenz als Aufgabe von Schule. In
W. Siihl-Strohmenger & M. Straub (Eds.). Handbuch Informationskompetenz (2.
Auflage, pp. 151-158). 2016.

Eickelmann B, Bos W, Labusch A. Kapitel I Die Studie ICILS 2018 im Uberblick —
Zentrale Ergebnisse und mogliche Entwicklungsperspektiven. B. Eickelmann, W.
Bos, J. Gerick, F. Goldhammer, H. Schaumburg, K. Schwippert, M. Senkbeil, & J.
Vahrenhold (Eds.). ICILS 2018 Deutschland Computer- und informationsbezogene
kompetenzen von schiilerinnen und schiilern im zweiten internationalen vergleich
und kompetenzen im bereich computational thinking. Waxmann; 2019. p. 7-31.
https://kw.uni-paderborn.de/fileadmin/fakultaet/Institute/
erziehungswissenschaft/Schulpaedagogik/ICILS_2018_Deutschland_Berichtsband.
pdf.

Engelen E, Budke A. Students’ approaches when researching complex geographical
conflicts using the internet. J Inf Liter 2020;14(2):4. https://doi.org/10.11645/
14.2.2756.

Engelen, E., & Budke, A. (2021a). SchiilerInnenargumentationen zu
Raumnutzungskonflikten nach selbststandigen Internetrecherchen—Hintergriinde,
Erkenntnisse und didaktische Unterstiitzungsformate. In A. Budke & F. Schabitz
(Eds.), Argumentieren und vergleichen: beitrége aus der perspektive verschiedener
fachdidaktiken. Lit.

Engelen E, Budke A. Secondary school students’ development of arguments for
complex geographical conflicts using the internet. Educ Inq 2021:1-20. https://
doi.org/10.1080/20004508.2021.1966887.

Forzani E. A three-tiered framework for proactive critical evaluation during online
inquiry. J Adolesc Adult Lit 2020;63(4):401-14. https://doi.org/10.1002/
jaal.1004.

Gapski, H., & Tekster, T. (editors). (2012). Informationskompetenz im Kindes- und
Jugendalter: beitrage aus Forschung und Praxis. kopaed.

Gray J, DiLoreto M. The effects of student engagement, student satisfaction, and
perceived learning in online learning environments. Int J Educ Leadersh Prep
2016.

Griesbaum J. Internet und Informationskompetenz. In U. Giesel & C. Kilian (Eds.).
10 Minuten reformation. Universitatsverlag Hildesheim; 2018. p. 37-42.
Griesbaum J, Cetta D, Mandl T, Montanari EG. What is information literacy and
how to improve it? Universitat Regensburg; 2021. https://doi.org/10.5283/
EPUB.44935.

Gust von Loh S, Stock WG. Informationskompetenz in der Schule. De Gruyter.;
2012.

Hammond J. Scaffolding: teaching and learning in language and literacy
education. PETA, Primary English Teaching Association; 2001.

Henrich A, Sieber S. Blended learning and pure e-learning concepts for information
retrieval: experiences and future directions. Inf Retr Boston 2009;12(2):117-47.
https://doi.org/10.1007/5s10791-008-9079-3.

Iivari N, Sharma S, Venta-Olkkonen L. Digital transformation of everyday life —
How COVID-19 pandemic transformed the basic education of the young generation
and why information management research should care? Int J Inf Manag 2020;55:
102183. https://doi.org/10.1016/j.ijinfomgt.2020.102183.

Jones BD, Krost K, Jones MW. Relationships between students’ course perceptions,
effort, and achievement in an online course. Comput Educ Open 2021;2:100051.
https://doi.org/10.1016/j.cae0.2021.100051.

Julien H, Barker S. How high-school students find and evaluate scientific
information: a basis for information literacy skills development. Libr Inf Sci Res
2009;31(1):12-7. https://doi.org/10.1016/j.1isr.2008.10.008.

Kanwischer D. Geographische Bildung in Zeichen der Digitalitat. Praxis Geographie
2021;4:4-9.

Kerres M. Didaktik: lernangebote gestalten. Waxmann; 2021.

Kiili C, Forzani E, Brante EW, Raikkonen E, Marttunen M. Sourcing on the internet:
examining the relations among different phases of online inquiry. Comput Educ
Open 2021;2:100037. https://doi.org/10.1016/j.cae0.2021.100037.

Lischka K. Einsatz von Lernmaterialien in Online-Umgebungen —
Gestaltungsimplikationen zur Aufarbeitung von Lernmaterialien. J. M. leimeister &


https://doi.org/10.1007/s10209-005-0008-6
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0002
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0002
https://doi.org/10.20448/journal.509.2020.73.285.292
https://doi.org/10.1111/tesg.12452
https://doi.org/10.1007/s11251-015-9359-4
https://doi.org/10.1087/095315102760319279
https://doi.org/10.1087/095315102760319279
https://doi.org/10.31979/2575-2499.070202
https://doi.org/10.31979/2575-2499.070202
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0008
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0008
https://doi.org/10.1016/j.compedu.2009.06.004
https://doi.org/10.1016/j.compedu.2009.06.004
https://purl.stanford.edu/gf151tb4868
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0013
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0013
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0013
https://doi.org/10.1080/1475939X.2020.1857826
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0016
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0016
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0016
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0017
https://doi.org/10.11645/14.2.2756
https://doi.org/10.11645/14.2.2756
https://doi.org/10.1080/20004508.2021.1966887
https://doi.org/10.1080/20004508.2021.1966887
https://doi.org/10.1002/jaal.1004
https://doi.org/10.1002/jaal.1004
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0023
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0023
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0023
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0024
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0024
https://doi.org/10.5283/EPUB.44935
https://doi.org/10.5283/EPUB.44935
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0026
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0026
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0027
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0027
https://doi.org/10.1007/s10791-008-9079-3
https://doi.org/10.1016/j.ijinfomgt.2020.102183
https://doi.org/10.1016/j.caeo.2021.100051
https://doi.org/10.1016/j.lisr.2008.10.008
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0032
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0032
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0033
https://doi.org/10.1016/j.caeo.2021.100037

E. Engelen and A. Budke

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

K. david (Eds.). Chancen und herausforderungen des digitalen lernens: methoden
und werkzeuge fiir innovative lehr-lern-konzepte. Berlin Heidelberg: Springer;
2019. p. 35-49. https://doi.org/10.1007/978-3-662-59390-5.

Lorenz R, Endberg M, Bos W. Predictors of fostering students’ computer and
information literacy — analysis based on a representative sample of secondary
school teachers in Germany. Educ Inf Technol 2019;24(1):911-28. https://doi.org/
10.1007/510639-018-9809-0.

Means ML, Voss JE. Who reasons well? Two studies of informal reasoning among
children of different grade, ability and knowledge levels. Cogn Instr 1996;14(2):
139-78.

MeBmer AK, Sangerlaub A, Schulz L. , Quelle: internet“? digitale Nachrichten- und
Informationskompetenzen der deutschen bevolkerung im test. stiftung neue
verantwortung. 2021. https://www.stiftung-nv.de/de/publikation/quelle-internet-
digitale-nachrichten-und-informationskompetenzen-der-deutschen.

Metzger MJ, Flanagin AJ, Markov A, Grossman R, Bulger M. Believing the
unbelievable: understanding young people’s information literacy beliefs and
practices in the United States. J Child Media 2015;9(3):325-48. https://doi.org/
10.1080/17482798.2015.1056817.

mpfs, M.F.S. (2020). JIM-Studie 2020 jugend, information, medien. basisuntersuchung
zum medienumgang 12- bis 19- Jahriger. //www.mpfs.de/fileadmin/files/Studien/
JIM/2020/JIM-Studie-2020_Web _final.pdf.

Reinmann Gabi. Innovation ohne Forschung? Ein Pladoyer fiir den design-based
research-ansatz in der lehr-lernforschung. Unterrichtswissenschaft 2005;33(1):
52-69. https://doi.org/10.25656,/01:5787.

Rinschede G, Siegmund A. Medien im Geographieunterricht. Geographiedidaktik
(4., vollig neu bearbeitete und erweiterte auflage. 2020. p. 295-393.

Salmerén L, Delgado P, Mason L. Using eye-movement modelling examples to
improve critical reading of multiple webpages on a conflicting topic. J Comput
Assist Learn 2020;36(6):1038-51. https://doi.org/10.1111/jcal.12458.

15

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Computers and Education Open 3 (2022) 100090

Schulze, U., Kanwischer, D., Gryl, 1., & Budke, A. (2020). Miindigkeit und digitale
g di L ion eines digitalen fachkonzepts in der geographischen
lehrkraftebildung. Wichmann Verlag. 10.14627/537698011.

Secker J, Madjarevic N. Sharing information literacy resources as open educational
resources: lessons from DELILA. SCONUL Focus 2012;55:14-7.

Stanford History Education Group (Ed.). (2016). Evaluating information: the
cornerstone of civic online reasoning. Executive summary. https://purl.stanford.
edu/fv751yt5934.

Strgmsg HI, Bréten I, Britt MA, Ferguson LE. Spontaneous sourcing among students
reading multiple documents. Cogn Instr 2013;31(2):176-203. https://doi.org/
10.1080/07370008.2013.769994.

Torrau S. Recherchieren im digitalen Wandel. Schiilerhandlungen in
algorithmisierten Strukturen. In C. Maurer, K. Rincke, & M. Hemmer (Eds.).
Fachliche bildung und digitale transformation. fachdidaktische forschung und
diskurse. Universitat; 2021. p. 68-71.

Walhout J, Oomen P, Jarodzka H, Brand-Gruwel S. Effects of task complexity on
online search behavior of adolescents. J Assoc Inf Sci Technol 2017;68(6):1449-61.
https://doi.org/10.1002/asi.23782.

Walraven A, Brand-Gruwel S, Boshuizen HPA. Fostering students’ evaluation
behaviour while searching the internet. Instr Sci 2013;41(1):125-46. https://doi.
org/10.1007/s11251-012-9221-x.

Weisel L. Informationskompetenz fiir das selbstgesteuerte Lernen. Grundlagen fiir
das Leben und Arbeiten im digitalen Zeitalter. In F. Thissen (Ed.). Lernen in
virtuellen raumen. De Gruyter Saur; 2017. p. 225-38. https://doi.org/10.1515/
9783110501131-015.

Wineburg S, McGrew S. Lateral reading: reading less and learning more when
evaluating digital information. SSRN Electron J 2017. https://doi.org/10.2139/
ssrn.3048994.

Zawacki-Richter O. The current state and impact of Covid-19 on digital higher
education in Germany. Hum Behav Emerg Technol 2021;3(1):218-26. https://doi.
org/10.1002/hbe2.238.

e —imy



https://doi.org/10.1007/978-3-662-59390-5
https://doi.org/10.1007/s10639-018-9809-0
https://doi.org/10.1007/s10639-018-9809-0
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0037
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0037
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0037
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0038
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0038
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0038
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0038
https://doi.org/10.1080/17482798.2015.1056817
https://doi.org/10.1080/17482798.2015.1056817
https://doi.org/10.25656/01:5787
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0042
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0042
https://doi.org/10.1111/jcal.12458
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0045
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0045
https://purl.stanford.edu/fv751yt5934
https://purl.stanford.edu/fv751yt5934
https://doi.org/10.1080/07370008.2013.769994
https://doi.org/10.1080/07370008.2013.769994
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0048
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0048
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0048
http://refhub.elsevier.com/S2666-5573(22)00018-0/sbref0048
https://doi.org/10.1002/asi.23782
https://doi.org/10.1007/s11251-012-9221-x
https://doi.org/10.1007/s11251-012-9221-x
https://doi.org/10.1515/9783110501131-015
https://doi.org/10.1515/9783110501131-015
https://doi.org/10.2139/ssrn.3048994
https://doi.org/10.2139/ssrn.3048994
https://doi.org/10.1002/hbe2.238
https://doi.org/10.1002/hbe2.238

	Promoting geographic internet searches and subsequent argumentation using an Open Educational Resource
	1 Introduction
	2 Theoretical basckground
	2.1 Internet searches and the processing of information in geography courses
	2.2 Useful strategies for geographic internet searches and subsequent argumentations
	2.3 Using a digital learning approach to promote geographic internet searches and argumentations

	3 Description of the digital learning unit “Internet searches as a basis for argumentation in geography”
	4 Study design
	4.1 Embedding of our study in a design-based research approach
	4.2 Study structure and evaluation
	4.3 Study implementation and participants

	5 Results
	5.1 Global evaluation of the digital learning unit
	5.2 Performance in internet searches
	5.3 Performance in the argumentation task

	6 Conclusion and discussion
	6.1 Limitations and implications

	Funding
	Declaration of Competing Interest
	Acknowledgement
	References


