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Abstract: The study on which the article is based investigates which learning strategies
multilingual pupils use when using a multimedia and multilingual media offer in geog-
raphy lessons and how these influence their subject-related learning success. By way of
introduction, the potential of multilingualism for geography lessons is presented theoreti-
cally and with reference to neurobiology. A multimedia and multilingual learning platform
was developed for the study and trialled in geography lessons. The pupils’ usage strategies
were recorded using screen recordings and sound-thinking protocols and mapped in a
differentiated way in a model. The most common usage strategies that can be observed
include “reversion”, i.e., processing the same information medium first in one language
and then again in another, the use of reading strategies, multilingual notetaking, the use of
image and map information, bundling information and structured summarising. These
utilisation strategies show a positive influence on learning outcomes.

Keywords: potentials of multilingualism; inclusive geography teaching; multilingual
learning strategies; interventional study

1. Introduction

Statistics show that around 25% of pupils in Germany speak at least one other language
when they start school (Blossfeld, 2016, p. 147). The proportion of children with a migrant
background at general education and vocational schools was 39% in 2021 (Mediendienst
Integration, 2024). Children and young people with a migrant background often grow up
bilingual or multilingual, without multilingualism and a migrant background necessarily
being congruent (Ritterfeld et al., 2013, p. 1). The targeted use of multilingualism has
been a relevant topic for foreign language didactics in English and French since the 1990s
(Thormann, 1994, p. 175; Niekamp & Hu, 2001, p. 239), but also for psychology, educa-
tional science, mathematics and the natural sciences (Androutsopoulos, 2018, pp. 193-195;
Coulmas, 2017, p. 41). This leads to the theoretical demand for interdisciplinary collabora-
tion between subjects in language education. This could be based on the “language across
the curriculum approach”, which calls for a (greater) appreciation and promotion of all
languages spoken by pupils at school (Weissenburg, 2013, p. 31).

Approaches with a language-sensitive and multilingual focus are also increasingly
being developed in geography didactics (Budke & Kuckuck, 2017, pp. 7-37; Morawski
& Budke, 2017, pp. 61-84; Maier & Budke, 2018, pp. 36-49). Impulses were provided by
educational science and linguistics, among others, which already referred to the ethnic and
linguistic diversity of pupils (Dirim et al., 2008, pp. 9-19) in the context of intercultural
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pedagogy in the 1990s and profiled the concept of “life-world multilingualism” in the
debate (Gogolin, 1988, p. 10).

There is a significant research gap for the subject of geography in the conceptualisa-
tion of multilingualism and its methodological and didactic application in school lessons
(Hofer & Jessner, 2019, p. 1). Geography lessons are particularly suitable for multilingual
teaching practice due to their globally orientated content. The multicultural and multilin-
gual background of pupils should be actively integrated into the teaching and learning
environment (Weissenburg, 2016, pp. 33-49; Repplinger & Budke, 2018, pp. 171-177). In
school practice, German dominates as the language of instruction, which means that pupils’
“family languages” (Riehl, 2018, p. 36) have so far hardly been used and learning potentials
have not been tapped (Repplinger & Budke, 2018, p. 166). Modern research approaches
define pupils” multilingualism not as an obstacle to learning but as a resource (Haberzettl,
2016, pp. 62-77; Riehl, 2018, p. 19).

This article presents the results of a research project on the use of multilingual and
digital media in geography lessons. In a pre-post design, students’ use of a multilingual
and digital learning platform in geography lessons in the eighth grade of a German gram-
mar school was investigated and evaluated. The study focuses on the targeted use of
multilingualism to develop subject-specific skills and examines the strategies of multi-
lingual students when using the material. Two research questions guide the practical
research interest:

e  What learning strategies do pupils use when working with multilingual teaching
materials?
e  Which of these learning strategies are particularly successful for subject-related learning?

Firstly, the international state of research on the topic is presented. This is followed by
the methodological considerations for the study, the results and the discussion.

2. Theoretical Background

Multilingualism extends across diverse social contexts and includes not only the
knowledge of several languages but also the flexible use of these languages in different
communicative situations (Grosjean, 2010, pp. 4-5). This theoretical perspective differs
from pure bilingualism and emphasises the dynamic interactions between the languages.

In a narrower sense, multilingualism is defined as the ability to speak and write at
least three languages, with external multilingualism encompassing the ability to speak
several standard languages and internal multilingualism encompassing the ability to speak
linguistic variants (Foldes & Roelcke, 2022, p. 17; Riehl, 2014, pp. 16-17). These facets
take into account lived language practice at individual and social levels and illustrate
the complexity of the concept. It should be noted that equivalent competence in several
languages at the level of native speakers of the first language is the exception rather than
the rule (Cook & Singleton, 2014, p. 3).

The importance of multilingualism goes beyond an individual’s cognitive flexibility
and problem-solving skills (Bialystok, 2017, p. 98). The importance of multilingualism goes
beyond an individual’s cognitive flexibility and problem-solving skills (Bialystok, 2017,
p- 98).

In an increasingly globalised economy, the ability to be multilingual offers significant
strategic advantages. Multilingual employees facilitate communication in international
teams, which is crucial for the success of multinational companies. Effective communication
helps to minimise misunderstandings and encourages collaboration (Lauring & Selmer,
2012, pp. 262-263). This is particularly important in projects that require cultural sensitivity
and precise communication. Multilingualism also improves access to global markets.
Companies with multilingual employees can better respond to the needs and expectations
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of different customer groups and take cultural nuances into account. This leads to an
improved market position and increased competitiveness (Lauring & Selmer, 2012, p. 264).

Companies are increasingly recognising the value of multilingual employees, particu-
larly in terms of innovation and competitiveness. Multilingual employees bring a diversity
of perspectives and ideas that can foster creative problem solving and innovation. This
diversity of thought is a significant advantage in today’s fast-paced and dynamic business
world (Lauring & Selmer, 2012, p. 265).

Multilingualism is thus seen not only as an individual ability but also as a social
phenomenon that promotes cultural diversity and facilitates interaction between different
linguistic communities (Grosjean, 2010, p. 15; Grosjean, 2020, pp. 428-448). This compre-
hensive view requires an interdisciplinary approach that incorporates linguistic, cognitive
and socio-cultural aspects.

The theoretical and methodological conceptualisation of multilingualism in school
learning groups ensures its efficient use in the classroom, with multilingual teaching and
learning settings aimed at promoting subject-specific skills and taking social diversity into
account (Viebrock, 2019, p. 219; Coulmas, 2017, pp. 27-59; Hofer & Jessner, 2019, p. 11).

Only a theoretical and methodological conceptualisation that takes into account the
linguistic diversity of school learning groups guarantees the efficient use of multilingualism
in the classroom. Multilingual teaching-learning settings are geared towards the develop-
ment of subject-specific competences and the multilingual social construction of diversity
and, thus, meeting the potential requirements of dynamically developing social practices.

2.1. Student Teachers” Experiences with the Integration of Multilingualism in the Real World

The experiences and wishes of student teachers with regard to multilingual methods
were analysed in a quantitative online survey. The starting point for the authors’ question
was the integration of “didaktisch-methodische Handlungsleitlinien [. . .], die sich damit
befassen, wie genau das gesamte sprachliche Repertoire Mehrsprachiger produktiv in
Lehr-/Lernkontexte einbezogen [werden kénnen]” (Goltsev & Olfert, 2023, p. 212). The
results show that students have little experience of multilingual methods and few oppor-
tunities to use them actively. A recent meta-study on student teachers’ attitudes towards
multilingualism evaluates five empirical studies from four European countries with the
aim of optimising the survey parameters so that respondents “express their beliefs more
genuinely” (Lundberg & Brandt, 2023, p. 7). The findings suggest that the research adopts
a Eurocentric perspective in relation to multilingualism and multilingualism. A change
in perspective is suggested “to include an assessment of teachers’ beliefs about monolin-
gual students’ (language-related) learning difficulties and an examination of multilinguals’
perspectives on monolingualism” (Lundberg & Brandt, 2023, p. 7).

A study conducted in Germany, in a pre-post study design, shows that participation in
a compulsory module on multilingualism changes the attitudes of prospective teachers to
the effect that multilingualism can be used in the classroom. However, the implementation
of multilingualism in practice is seen as difficult by the study participants (Lundberg &
Brandt, 2023, p. 5; Schrodler et al., 2023, p. 11). A qualitative interview study with primary
school teachers clearly shows the practical limits of implementing multilingualism depend-
ing on the teachers’ attitudes. Although the teachers interviewed can imagine multilingual
teaching, this is only possible in selected subjects and under the control of the teachers
(Lange et al., 2023, pp. 103, 115). The question of the multimedia preparation of teaching
materials is discussed in the context of German lessons using web-based multilingual book
portals. The results show that these are mainly “parallel multilingual print offers” (Dube
et al.,, 2023, p. 161) that provide information in only two languages. However, this must be
criticised, as binary language offerings do not adequately represent the diversity and nu-
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ances of multilingualism. In particular, Keimerl et al. (2023, p. 242) highlight tasks related
to productive multilingualism as a crucial desideratum for cooperation between different
disciplines. Although the authors refer to modern foreign languages and improving the
professional skills of student teachers, the diagnosis of multilingualism, which is located in
the actual subject disciplines, highlights the desideratum for subjects that are not explicitly
concerned with language acquisition in a particular way. The analysis of current studies
and thematic articles highlights the need for action at different levels. Even experienced
teachers are often unaware of the potential of multilingualism for teaching (Georgi, 2011,
pp. 265-269). A study with qualitative guided interviews showed that multilingual student
teachers in particular often have a negative attitude towards the use of multilingualism
in the classroom, which can be explained by their educational biography (Budke & Maier,
2019, pp. 37-38). The targeted use of multilingual teaching units or methods is rare in
German subject teaching (Bredthauer, 2019, pp. 127-143).

Recent studies clearly show that primary school teachers consider multilingualism to
be important for their professional practice and are positive about the practical implemen-
tation of multilingualism in the form of prepared tasks for the children (Lange et al., 2023,
p- 103). Multilingual teaching and materials are particularly important for refugee pupils.
They often arrive in the German education system with little knowledge of German and
have to attend regular monolingual classes after a short time (Bottjer & Ploger, 2023, p. 51).
This school practice was evaluated in two ethnographic studies and confirms the already
known pattern of “German commandments and language prohibitions” (Bottjer & Ploger,
2023, p. 55).

2.2. Importance of Multilingualism in the Classroom and Later in Life

Multilingualism continues to be seen as an obstacle to integration, even though many
pupils at German schools are multilingual (Hinnenkamp, 2010, p. 27f.). For decades, the
deficit hypothesis regarding the multilingualism of migrant woman has been propagated
in research and public discourse (Becker-Mrotzek & Roth, 2017, p. 26). On the other hand,
neurobiological studies show that bilingual children require less brain capacity to utilise
linguistic resources than children who grow up monolingual and only learn a second
language at secondary school from the age of 10 (Franceschini, 2014, p. 212).

In terms of grammatical correctness and learning other languages, multilingual chil-
dren are superior to monolingual children. Multilinguals also show superiority in recognis-
ing linguistic patterns in words and sentences, i.e., in meta-linguistic skills and linguistic
flexibility (cf. Baechler, 2015, pp. 124-130), which has a positive effect on reading skills
(Riehl, 2006, p. 19). The positive consequences of this are also confidence in strategies such
as paraphrasing, codeswitching and foreignising (adapting a word to supposed rules of the
target language) (Riehl, 2006, p. 19). By strengthening neural networks, the areas of the
brain where language and object processing take place are particularly targeted (Brem &
Maurer, 2018, p. 130), which facilitates the acquisition of specialised content (Hayakawa &
Marian, 2019, p. 24). The use of multilingual language skills (both written and oral) makes
it easier for students and teachers to use a wider range of linguistic terms and phrases, as
well as increasing the opportunities for barrier-free interaction when teaching topics that
are not only geographical.

Heuzeroth and Budke (2020, p. 31) have shown that multilingual geography teach-
ing is beneficial for the formulation of causal relationships. Self-directed learning and
knowledge acquisition can be encouraged and facilitated by, among other things, the use of
multilingual digital teaching materials (Repplinger & Budke, 2022, pp. 150-158).

The European Union advocates that European citizens should have a high level of
linguistic competence in at least three languages (European Union, 2020, n.p.), demon-
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strating that multilingualism is now positively valued due to migration movements
and globalisation.

2.3. Learning Strategies as Central to Educational and Teaching Research

The question of effective learning strategies is of central importance for educational
research and pedagogical practice. Foreign language didactics, which argues on the basis
of multilingualism, uses the term “learning strategies” (Wiirffel, 2006, p. 83) and develops
a basic model for conceptualising a specific typology of learning strategies. This subsumes
various procedures that represent cognitive or metacognitive actions that learners use
consciously or unconsciously to influence the acquisition of knowledge, master learning
tasks and thus achieve the learning goal (Wiirffel, 2006, p. 72). However, the term is
blurred in that “learning strategies” are defined and used in different contexts in academic
discourse, so that the content is determined by the context of use itself (Mandl & Friedrich,
2006, pp. 3-25). The importance of learning strategies, in particular steering strategies,
control strategies and understanding strategies, for the learning process is well documented
in the academic literature, as will be shown below.

2.3.1. Steering Strategies

Steering strategies relate to the planning and organisation of the learning process.
They help learners to set their learning goals and find efficient ways to achieve them. The
literature shows that setting clear learning goals and creating learning plans can increase
the effectiveness of learning (Zimmerman, 2008, p. 166). The conscious setting of priorities
and the allocation of learning time are also important aspects of control strategies (Pintrich
& De Groot, 1990, p. 33).

2.3.2. Control Strategies

Control strategies include activities that serve to monitor and adjust learning progress.
This includes the ability to assess the quality of one’s own learning and make adjustments
where necessary. Research has shown that regularly reviewing one’s knowledge, for
example, by self-testing or summarising, can help to improve understanding and retention
of information (Dunlosky et al., 2013, p. 4). The use of metacognition, i.e., awareness
of one’s own thought processes, is an essential component of effective control strategies
(Flavell, 1976, p. 231; Gebele et al., 2022, p. 951).

2.3.3. Understanding Strategies

Understanding strategies provide learners with tools to develop a deeper understand-
ing of learning content. One of the basic techniques is to create mental models that allow
information to be put into a meaningful context. These mental models serve as cognitive
structures that facilitate the organisation and interpretation of information (Pressley, 1982,
pp- 296-309). Asking questions is another effective comprehension strategy. By asking
specific questions about the learning content, learners promote deep understanding as they
are encouraged to think about the information and make connections between different
concepts (King, 1994, pp. 338-368).

These strategies help learners to learn more efficiently, deepen their knowledge and
develop metacognitive skills. Educators and educational researchers should be aware of
these findings and incorporate them into the design of curricula and learning environments
in order to achieve optimal learning outcomes. The promotion of learning strategies can
thus make a decisive contribution to improving education and learning success.

The study presented here investigates the extent to which the strategies presented are
actually used by students when processing multilingual teaching material and thus closes
an existing research gap.
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3. Methodological Approach

As part of the study, pupils were given the opportunity to use a multilingual digital
learning platform (https:/ /www.multilinguale-rheinexkursion.uni-koeln.de/joomla/index
.php/de/, accessed on 5 December 2024) in geography class. Figure 1 visualises the central
research objectives and the methodological approach. A central research interest of the study
is to identify and document the learning strategies used by the students independently.

Central research objectives Methodological approach
What. learr%ing stra.te.!gies do mu.ltilingual. pupils use when Data collection: The procedure for using the pupils' multi-
working with multilingual teaching materials? media and linguistic learning platform is explained by
screen recordings and translated transcribed think aloud

protocols.

Data analysis: Statistical evaluation in SPSS, analysis,
structuring, organisation and analysis of the translated tran-
scribed partly multilingual think aloud protocols, inductive
and deductive categorisation in order to discover patterns
and anomalies.

Which learning strategies are particularly successful for Data collection: Subject-related learning growth is deter-
subject-specific learning?

mined by comparing the pre-test and post-test and the pu-

pils are categorised into best, good and poor performers.
Data analysis: Statistical analysis in SPSS

Figure 1. Central research questions and methodological approach.

3.1. Carrying out the Data Collection

The data were collected by analysing a questionnaire on the main content of the unit
(a conflict over the use of land for the expansion of a harbour in Cologne was discussed),
screen recordings of the pupils working on the multilingual learning unit and translated,
transcribed sound-thinking protocols illustrating the pupils” actions when working with
the unit. The following figure (Figure 2) visualises the different steps of the study.

3.2. Test Subjects

The test group consists of 25 German pupils in year 8 of a grammar school in Diissel-
dorf (NRW, Germany), of whom 7 are female and 18 are male. The average age is 13 years.
A total of 17 out of 25 pupils come from families that are not originally of German origin
and therefore have a migration background. The following definition is used: “A person
has a migration background if they or at least one of their parents were not born with Ger-
man citizenship” (Bundesamt fiir Migration und Fliichtlinge (BAMF) Forschungszentrum
Migration, Integration und Asyl (FZ); Bundesministerium des Inneren, fiir Bau und Heimat,
2020). In the group of pupils, 69% have a migrant background. This figure is well above the
average of 39,4 per cent at grammar schools in the federal state of North Rhine-Westphalia
for the 2020/21 school year (Landesbetrieb ITNRW Statistik und IT-Dienstleistungen, n.d.).
The most frequently mentioned non-German family languages is Turkish, closely followed
by Arabic and Russian.
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Preparation: One station of the virtual Rhine excursion will be designed by native speakers in the languages “Arabic”,
“Chinese”, “German”, “English”, “French”, “Italian”, “Polish”, “Russian” and “Turkish” in an audio, audiovisual and

textually barrier-free multilingual manner and tested in advance on multilingual pupils for comprehension problems.

Practice intervention

Step 1:
Teaching sequence fo demonstrate and explain
how the multilingual wvirtual Rhine excursion

works.

Step 2:
Survey of pupils’ prior knowledge on the question
(“What do you know about the expansion of the

Godorf harbour?
Step 4:

harbour).

Topic: Should Godorf harbour be expanded?
Taking into account five different points of view
(residents, environmentalists, flood experts,
recreational athletes and the economy), the
pupils work on the question on the tablet using
the virtual multilingual Rhine excursion.

Research design

Step 5:

Analysing the transcribed screen recordings that
show the concrete actions of the pupils and com-
paring them with the transcribed sound-thinking
protocols to see whether the actions that can be
seen correspond to the sound-thinking protocols.

Step &:

Analysing the transcribed, partially multilingual
sound-thinking protocols translated into
German, which explain the learning strategies

used.

Figure 2. Overview of the procedure in the practical intervention.

3.3. Language Skills—Survey and C-Test

In order to determine the pupils” knowledge of the respective family languages and

of German as the language of instruction, which might influence the strategies chosen, a

survey of the respective language skills was carried out. In the test group, language skills in

the respective non-German family language(s) were assessed by means of a questionnaire,

and German language skills were assessed by means of a C-test. The C-test was carried
out according to the scheme of Baur et al. (2013). The data serve as independent variables
that can possibly explain the usage behaviour of multilingual teaching materials. The

questionnaire was used to determine the following combinations of home languages with
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Read newspaper |

English as a foreign language at school (number of students in brackets): Turkish (13),
Turkish/Kurdish (1), Arabic (4), Russian (3), Tamil & Persian (1), Serbian (1), French (1) and
Italian (1). The 25 pupils answered questions about their language skills in their respective
family languages in seven pre-defined categories, distinguishing between oral and written
skills. Some of the pupils have three or four family languages. The pupils ticked boxes to
indicate how well they could ‘make a telephone call’, ‘understand a radio report’, ‘read a
newspaper’, ‘persuade orally’, ‘summarise orally a newspaper article’, “persuade in writing’
and ‘write texts’ in their respective non-English family language(s) (see Figure 3). Pupils are
also asked to rate their language competence(s) in seven categories on a Linkert scale. The
scale defines the categories “very good”, “good”, “average”, “not at all” and “no answer”
as possible classification options.

Pupilslanguage skills in non-German family languages in relation to media types

Number of pupils
0 5 10 15 20 25 30 35 40

Make a phone call | mm—
convince orally  —
CoNViNCe N WHitiNg i ——

Wigilaxhony
Understanding radio i e—

Summarise newspaper articles orally ———

m very good good mmedium mnotatall n.a. h=350
Figure 3. Language skills of pupils in their non-German family languages in relation to media types.

Adding up the pupils’ answers to their respective language skills in their three or
four family languages gives n = 350 answers. As some pupils have more than one family
language, there may be more than the original number of students (25) in one category. The
distribution of the 350 responses across the 7 categories is shown in Figure 3.

Written competence in the non-German family language is, in the majority of cases,
rated as weaker than oral competence; reading comprehension of the newspaper is also
only rated as “average”, and oral summarising of what has been read is largely excluded
(“not at all”) (see Figure 3).

Another test, the C-test, was used to assess the pupils’ knowledge of German. The test
consists of five short texts in which words or parts of words are omitted or distorted. The
students had to correct the incorrect passages (Baur et al., 2013). All but one of the students
in the test group scored over 90% of the possible points, with nine pupils scoring 100%.
This shows that almost all of the pupils in the study had very good German language skills
and were able to understand the German materials on the learning platform.

3.4. Pre-Test of Content Knowledge

Before the pupils work with the multilingual learning platform, a content knowledge
test is carried out. The aim of this pre-test is to find out what prior knowledge the pupils
have about the topic to be taught.

In the first part of the knowledge test, the pupils are asked to draw the location of the
Godorf harbour in Cologne on a map, on which only the Rhine is marked as a river, and to
describe the location of the Godorf harbour in a text.

In the second part of the prior knowledge questionnaire, the pupils are asked to
describe what they know about the topic of the unit, the planned expansion of the harbour
and the social discussions and effects associated with it. The evaluation of the pre-test shows
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that none of the pupils can locate the harbour of Godorf on the map and that they have no
prior knowledge about the social debate and the effects of the planned harbour expansion.

3.5. Determining the Increase in Knowledge Through a Post-Test

At the end of the teaching experiment in the form of a six-hour series of lessons, a final
test, a post-test, is carried out. In the post-test, the pupils fill in a structured questionnaire
with open response categories on the following topics: description and location of the
harbour of Godorf, description of conflicts and actors, and effects. The answers will be
checked against a set of expectations and the pupils will be awarded points. On the basis
of the points obtained, the pupils are divided into three different ability groups, which is
shown in Table 1.

Table 1. Presentation of three groups of pupils according to the post-test result in relation to their
topic-related knowledge.

Group Points in the Post-Test Number of Pupils
Best-performing pupils 16-18 9
Good-performing pupils 12-15 8
Low-performing pupils 0-11 8

The pupils are consistently successful, achieving 9 to 17 points out of a possible 18.

3.6. Categorisation to Evaluate the Sound Thinking Protocols

Pupils are asked to think aloud as they work on the multilingual learning platform. A
qualitative method—the think-aloud protocol—is used to understand why students make
decisions for their particular approach and which learning strategies they use.

The think-aloud protocols are recorded simultaneously with the learning process, with-
out pre-determined questions, so that the pupils” utterances are not steered in a particular
direction or predetermined in advance: only “[un]structured think-aloud protocols allow
an immediate impression of the decision-making processes” (Konrad, 2010, p. 481). In
this way, the influence of standardised questions as well as self-interpretation or reflection
by the respondents, which can occur in post festum protocols, is excluded. The specific
procedure can be reconstructed for each pupil according to “perceived relevance and/or
personal interest” (Wiirffel, 2006, p. 128). The language used for thinking aloud is left to
the respondents. The transcription takes into account colloquial syntactic deformations.
For the analysis, the transcribed think-aloud protocols are translated into German.

The translated think-aloud protocols are carefully read, and open codes are created
that capture the main themes, patterns and concepts in the data.

3.7. Validation

Intercoder reliability ensures that categorisations are selected correctly. The proce-
dure aims at objectivity by including different subjective points of view (Mayring, 2010,
pp- 116-122; Miiller-Benedict, 1997, p. 2f.). The intercoder reliability is calculated using
kappa (Cohen, 1960, pp. 37-60). A kappa over all 3 rater pairs results in a value of
0.86, which, according to Landis and Koch (1977, p. 159), represents an “almost perfect
agreement value” and, according to Monserud and Leemans (1992, pp. 275-293), a “very
good value”.

3.8. Deductive Categorisation

Deductive categorisation is based on the scheme of language learning strategies by
Chamot et al. (1988, p. 1) and on the analysis of research literature (Nawratil et al.,
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2009, p. 338). This structured method makes it possible to analyse pupils’ actions when
working with the learning platform and to identify control, monitoring and comprehension
strategies, cf. Table 2: Exemplary categorisation for the evaluation of the sound-thinking
protocols (see Section 2.3).

Table 2. Exemplary categorisation for the evaluation of the think-aloud protocols. Source: own

presentation.
Deductive categorisation is
based on the scheme of
language learning strategies by
Chamot et al. (1988, p. 1) and on
the analysis of the literature .
(Nawratil etal., 2009, p. 338). Excerpt e
This structured method makes it : Excerpt from q q i
possible to analyse students’ pupil activity from the Ftrr}e:.nslgnpt Joud transcI;ipt Inductive category extraction from the ?rxot;? iﬁg "
actions when working with the  screen recording mn lmg da' ou Thinking aloud rsnatgrlil_ 3.8 and Fi 4 literature
learning platform and to gﬂnfl aﬁe nto other language ST St ETe IFIfghie See
identify control, monitoring and 1S Section 3.8
comprehension strategies, cf. and Figure 4
Table 2: Exemplary
categorisation for the evaluation
of the sound-thinking protocols
(see Section 2.3).
. Assignment Assignment Assignment

Code Coding to le\égl 3 to le\%el 2 to le\%el 1

(Language setting is

French) Click on Station 1

and scroll slowly once from

top to bottom. Click on the

sub-chapter “Interview

with Jan Zeese” and scroll

slowly from top to bottom.

Go back to the main page

of Station 1. Open the

?gf;;agﬁilaﬁzds and ?fﬂl)(re I'start work,  Before startinf to Recordi

ioation” and scroll ake a very close work, very closely .y . ecording ' Control

DL26 navigation™ and scro look at the overall — examine the total ; thescopeof ~ Planning

slowly from top tobottom.  geope of the portée of the OVerview . <ks strategy

Now, the student returns to  indjvidual stations.  various stations.
the main page of Station 1.
The sub-chapter “The
harbour as an economic
factor” is then opened.
Here, too, the student
scrolls slowly from top to
bottom and then returns to
the main page of Station 1.
The pupil examines all the
stations in the same way.
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Table 2. Cont.
Deductive categorisation is
based on the scheme of
language learning strategies by
Chamot et al. (1988, p. 1) and on
the analysis of the literature Deductive
is structured method makes i - xcerpt from ] ; i
possible to analyse students’ gl o e Ftrrﬁ_nsl:_rlpt oud — clzipt Induc?lve category extraction from the fe;gfgiﬁgn
actions when working with the screen recording h rial llrtlgda' 0:1 Thinking aloud gzeztgfeljtlion 3.8 and Figure 4 literature
learning platform and to Erralnlsisahe T other language & 8 e
identify control, monitoring and & Section 3.8
comprehension strategies, cf. and Figure 4
Table 2: Exemplary
categorisation for the evaluation
of the sound-thinking protocols
(see Section 2.3).
(Language setting is
Arabic) Click on Station 1
and scroll slowly from top
to bottom. Then, go to
Station 2 and scroll slowly
from top to bottom. Then,
open station 3 and scroll
slowly from top to bottom. Let me have a look ¢ 5 L Recording
SC30 Openystation 4r;nd scroll at the size of the t’M‘ “SL; o’_'b S:etrzi/?ew the scope of Planning g?;ltteml
slowly from top to bottom. ~ Homepage. e )| dmiall tasks 8y
Now, click on station 5 and
scroll from top to bottom.
Station 6 is viewed and
scrolled from top to bottom.
Station 3 is opened. It
scrolls slowly from top to
bottom.
(Language setting Russian)
Station 4 Living in Russian
is displayed. The text is
marked with the mouse
pointer. Station 3
Enélironme(:inlt) is slelcle(cted Text of station 4
and opene clicking on €xt of station 215
it. Stalt:)ion 3 Er?vironmgnt is read _quietly in, f&fé;‘BﬁgHyCB Language L
LAL5 displayed in Russian. Russian. Yes, I'll ceiiuac st change anguage Processing Control
Scroll all the way to the 0 back to that. I'll HOCITY IO STO and/or  changesand steps strategy
right and click on the isten to it again, CHOBR HA re- recourse
English flag. The text ;%ZEZ) m AHIIHECKOM course

immediately appears in
English. Now, click on the
audio play button and the
English text will be played
as audio. The audio is
played twice in succession.

3.9. Inductive Categorisation

In addition to the deductive supercategories, inductive subcategories are formed.

These categories are not predetermined, but emerge organically from the data (Mayring,
2010, pp. 116-122).
The following categories were created (see Figure 4).

The model of the most successful multilingual learning strategies is divided into

three levels (see Figure 4). The three levels are colour coded as deductive (orange) and

inductive (yellow).

It shows the multilingual and multidigital learning strategies used by the students.



Educ. Sci. 2025, 15, 216

12 of 22
§ Steenng strateges Control strateges Understanding strateges
=
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Level2

Level3

Task require ment Check your own wn work ress on the basis . ; Bundling of
> record >> ol >> understanding >> of the task check > e > information

> Sooscg‘!;;:s e > Larguage change >>°‘"‘ deficits identify > Recourse to other languages >> Scanning > simmans m”'“."md
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\/I

Level 1 deductive colour: orange

Level 2,3 inductive colour: vellow

Figure 4. Model of the most successful multilingual learning strategies. Source: own illustration.

4. Outcomes

Learning success is largely determined by the use of certain strategies (=procedures)
in dealing with the multimedia and linguistic learning platform (=virtual Rhine excursion).

The analysis of the results clearly shows that at least two languages are used by the
pupils when using the multimedia and multilingual learning platform. With one exception,
all pupils used the multilingual teaching material.

Utilisation Strategies of the Best-Performing, Good-Performing and Low-Performing Pupils

It also shows the differences between the best-, good- and low-performing pupils in
terms of their usage strategies. The time spent on the multilingual materials by the three
groups is shown as a percentage.

The best-performing pupils are more time-efficient in their use of control strategies,
especially in determining processing steps and planning the learning process, than the
lowest performing pupils. They are quicker and more accurate in determining how to
approach and structure a task and are better able to estimate the amount of work involved
than those pupils whose subject learning gains after working with the material are lower.
This obviously enables them to use their time more efficiently and to concentrate on
the essentials. The best-performing pupils rely more than the low-performing pupils on
targeted checking strategies, such as regularly checking their own understanding and using
other languages, i.e., working on the same material first in one language and then again
in a second language to clarify information and ensure that they understand the material
correctly (see Figure 5 ‘Checking strategies’). The best-performing pupils are also able
to check their understanding critically and identify and correct any weaknesses or gaps
in their knowledge. The best-performing pupils use targeted and efficient methods to
link information. They often start by using video material to gather information. After
watching the videos, they record this information on paper or digitally more often than
lower-performing pupils (see Figure 5 ‘Comprehension strategies’).
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Figure 5. Learning strategies of the best, good and low-performing pupils when working with the
multimedia multilingual learning platform.

The group of best-performing pupils then reads the texts in the unit, often using
understanding strategies such as scanning, skimming and cyclical reading (see Figure 5
‘understanding strategies’) and making notes, sometimes in several languages, to compare
with the information from the videos (Figure 5 ‘understanding strategies’). The first
two are quick-reading methods. They are used for orientation without having to go
through the entire text to understand it. “Skimming” refers to skimming the text based
on headings, graphic highlights or images in order to decide what is worth looking at
more closely. “Scanning” refers to the targeted search for desired information (words,
data, facts). Intensive reading aims at a comprehensive understanding of the text. In
cyclical reading, the methods are linked together: The passages that are subsequently
read intensively are determined by skimming (Griinwied, 2017, p. 47). This gives them a
comprehensive overview of the topic. On this basis, they compare the information they
have gathered again, often with the help of audio material, in order to gain any new
insights. The best-performing pupils use some of the information they have gathered
in this way (Figure 5 ‘understanding strategies’) to create a diagram that visualises the
connections and relationships between the different facts and concepts. Finally, they
often apply this structured information to maps and pictures (Figure 5: ‘Strategies for
understanding’) in order to understand and clarify spatial relationships and geographical
aspects of the topic. This systematic and structured approach to linking information,
using reading strategies, multilingual notetaking, linking to other media, synthesising
and summarising information in a structured way and applying it to maps and images
contributes significantly to their learning.

In contrast, the good-performing pupils are slightly less efficient in their approach to
control strategies, spending more time and being less precise in how they approach and
structure a task in the best possible way. The high achievers use an even distribution of their
working time on control strategies, without dwelling on extremes. The good-performing
pupils also use comprehension strategies, but they use them less efficiently than the best-
performing pupils. They need slightly more time to achieve the same results. Like the
best performers, the good-performing pupils also focus specifically on ‘understanding task
requirements” and ‘understanding task scope’ (see Figure 5 ‘Control strategies’). They are
able to understand the requirements but take slightly more time than the best performers.
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The low-performing pupils invest more time in analysing tasks within the control
strategies as they take longer to understand the scope and requirements of the tasks. The
low-achieving pupils invest comparatively more time in ‘identifying their own deficits’
(see Figure 5: ‘Control strategies’) as they need additional support to consolidate their
understanding and identify weaknesses. These pupils use less resources to other languages,
language change, summarising and multilingual notes when analysing media than the
other two groups.

5. Discussion of the Results and Conclusions

The use of multilingual teaching materials in today’s educational world plays a crucial
role in the transfer of knowledge and has been shown to influence pupils’ learning success
(Clark & Mayer, 2016, p. 102; Moreno, 2004, p. 100). These materials provide teachers with
a variety of tools to improve the teaching—learning process by increasing interactivity and
learner engagement (Mayer, 2014, p. 65). The results of our study confirm the conclusions
of the study by Clark and Mayer (2016) and Moreno (2004). The pupils show great interest
in working on the multilingual learning platform, as shown by the screen recordings as well
as the thinking aloud protocols. According to Grosjean (2010, pp. 4-5), multilingualism is
not only an individual cognitive ability but also a social resource that enables inclusion and
access to various learning approaches. Our study shows that a range of methodological
skills and strategies are required to work successfully with multilingual materials.

Multimedia and multilingual teaching materials make it possible to present complex
concepts in a way that can be better understood and retained (Mayer, 2009, p. 16). Research
by Mayer (2001, p. 5) has shown that oral and visual multimedia learning materials can
enhance comprehension and absorption of learning content. These materials utilise different
sensory channels to convey information and offer students the opportunity to improve
cognitive processing of information (Clark & Mayer, 2016, p. 102). The combination of
textual, audiovisual and cartographic materials opens up new horizons for subject-related
learning. Graphics and images can visualise complex information and help learners to
better grasp abstract concepts (Tversky, 2005, p. 223f.). Also, learners can create information
graphics or mental maps from text-based or audiodigital media.

The best possible educational success and better learning outcomes can only be
achieved by redesigning learning environments and curricula in which teachers teach
and practise targeted learning strategies for pupils. Steering strategies, control strategies
and comprehension strategies form the basis for the generation of knowledge. Knowledge
and confident use of these strategies help pupils to learn more effectively, deepen their
knowledge and develop metacognitive skills.

Learning strategies are of great importance for an effective learning process (de Boer
et al., 2018, Murayama et al., 2013). The importance of learning strategies, especially
steering, control and understanding strategies in the learning process, is well documented
in the scientific literature (see Section 2.3).

According to Flavell (1976, p. 231) and Gebele et al. (2022, p. 951), an essential
component of effective control strategies is awareness of one’s own thinking processes, i.e.,
the use of metacognition. Dunlosky et al. (2013, p. 4) and Gebele et al. (2022, p. 951) argue
for the importance of control strategies in learning.

Zimmerman (2008, p. 166) shows that learning can be made more effective by setting
clear learning goals and plans. Pintrich and De Groot state that it is also important to set
priorities and organise learning time (Pintrich & De Groot, 1990, p. 33). Zimmerman and
Pintrich and De Groot emphasise the particular importance of control strategies in the
learning process. Learning progress needs to be monitored and adjusted through control
strategies. Dunlosky et al. (2013, p. 4) state that continuous summarising or self-testing
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are important steps in checking one’s knowledge and help to ensure that information is
better retained and understanding is improved. Our study shows that people need to check
their understanding regularly. This is done by using multiple languages, e.g., working
through the material first in one language and then again in a second language, which
ensures that information is understood correctly and that the whole learning material is
understood correctly.

Pressley (1982, pp. 296-309) states that deep understanding of learning content is
achieved by teaching mental models (cognitive structures) that facilitate the organisation
and interpretation of information. According to King (1994, pp. 338-368), a deeper under-
standing of learning content is achieved by asking learners specific questions about the
learning content, as learners are encouraged to reflect on information and make connections
between different concepts. Our research shows that the most successful understanding
strategies are multilingual notetaking and bundling of information.

Our study results show, by comparing the strategy use of the best, good and low
performers (see Figure 5), that maximum learning success can only be achieved through
effective planning and organisation of the learning process (management strategies), con-
sistent monitoring and adjustment of learning progress (control strategies) and other tools
that enable a deep understanding of the learning content.

As our study shows, multimedia and multilingual learning materials are particularly
suitable for presenting learning material in different languages at the same time. This
conceptualisation ties in with pupils” habits of using internet research on websites with
multilingual information options. Multimedia presentation on the internet is a key source
of multilingualism because “verschiedenste Formen der Mehrsprachigkeit [ergeben sich]
allein durch die Nutzung der neuen Medien” (Mayr, 2020, p. 46). Freedom of choice is psy-
chologically important because it gives pupils sovereignty in the reception of information
and thus ensures independence in the entire learning process in the acquisition of subject
content (Riehl, 2006, p. 19).

The integration of different languages into the classroom is a central aspect of the
multilingual approach and contributes to the promotion of multilingualism (Garcia, 2009,
p- 8). This is particularly relevant in schools where pupils speak different family languages.
The use of multiple languages in multimedia materials enables learners to develop and
strengthen their language competence in different contexts (Garcia, 2009, p. 308). Multilin-
gualism is of great importance in our globalised world and has been widely accepted in
society since 2015. “Multilingualism has become the norm in everyday school life. There
are hardly any learners who have grown up in a purely monolingual environment” (Mayr,
2020, p. 46). Multilingualism is based on individual characteristics (Hofer & Jessner, 2019,
p- 11), the diversity of which must be taken into account in the classroom. A broad range
of languages avoids disadvantaging individual group members and stimulates learning
ability in teaching-learning settings (Weissenburg, 2013, pp. 23—49).

The empirical results of our study show that a differentiation of the media offered
takes into account the different language skills of the learners.

The study by Pintrich and De Groot (1990, p. 38) shows that “pupils who were
more cognitively engaged in trying to learn by memorizing, organizing, and transforming
classroom material through the use of rehearsal, elaboration, and organizational cognitive
strategies performed better than pupils who tended not to use these strategies”. Zimmer-
man (2008, p. 166) draws a link between metacognitive (self-regulated) learning strategies
and improved academic performance. Our study shows that the best performing pupils
used steering, control and comprehension strategies differently in the post-test compared
to the low performing pupils. The most successful pupils are characterised by the use
of steering strategies such as efficient planning and rapid goal setting. In contrast, low-
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achieving pupils are unable to use steering strategies effectively, as evidenced by their
slow comprehension of the task. Steering strategies such as regular self-monitoring and
the use of multilingualism are used intensively by the best-performing pupils. The low-
performing pupils are characterised by a lack of feedback on the task. Comprehension
strategies such as linking media and languages (multilingualism), multilingual notetaking,
synthesising information and structured summarising are used by the best-performing
pupils. In contrast, low-performing pupils misuse reading strategies and use too many
media formats, make much fewer multilingual notes, summarise less and structure less
than the best-performing pupils.

Only a small percentage of multilingual pupils have a complete command of the
family languages, both orally and in writing. This is shown by the evaluation of the
preceding survey of pupils’ self-evaluation of their own language and speaking skills.
When using video and audio media in the learning unit, only oral competence in the
respective language is required. Reading texts requires written language skills in the
family language (Repplinger & Budke, 2018, p. 175). An oral-audio-visual-written offer is
multilingual, ‘barrier-free” and inclusive for pupils. They can decide in which form they
want to use which language without any hurdles or disadvantages. The choice option
is based on reflection on self-assessment and evaluation of one’s own language skills
(Tassinari, 2012, p. 15f.; Schramm, 2010, p. 218), which in turn expands cognitive skills
(Oleschko et al., 2016, p. 15).

Based on our findings, we recommend the following procedures to teachers and
curriculum designers:

Establishing processing steps, checking the pupils own understanding of content,
referring back to other languages, comparison with other languages (language switching),
multilingual notetaking as a strategy to be taught to pupils, bundling information, and
structured summarising should be anchored in the curriculum.

We recommend the following to teachers when implementing the above methods: the
provision of multilingual teaching materials that can be easily switched between different
languages, whether in text or audio form; teacher training and methodological training
for teachers and pupils on specific teaching examples; the provision of Al software for
teachers to overcome language difficulties and to differentiate performance (Bavarian
BAYLKI initiative).

Al can be used at short notice as an interpreter for teaching content that is difficult to
understand in the official language, or to quickly translate teaching material into a language
previously unknown to the teacher. Pupil terminals should include applications that can
use Al and augmented reality to translate classroom texts in real time into the pupils’ native
language. For educational purposes, artificial intelligence such as Deepl can be used to
quickly translate texts.

The proposed implementations should be supported by well-structured worksheets
that guide the pupils’ thinking and learning process, e.g., design of the worksheets in a
uniform, subject-specific breakdown into main points such as headings, individual and
group tasks, additional material, and the possibility to use the material independent of
the internet via stick-on QR codes on the tablet or via audio-digital reading pens in the
pupils’ mother tongue at different language levels (everyday language or simple language).
Multilingual texts can also be made available more easily via QR codes at different levels
(everyday language or simple language). However, this requires a nationwide supply of
pupil devices and a stable and fast internet connection.

This will make distributing multilingual learning materials much easier for teachers
and will make multilingual learning content easier to access for pupils. However, the
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results of the lessons should be recorded in the official language so that all pupils can
understand them.

Despite the valuable insights provided by our study, several limitations must be
considered. The sample size of just 25 pupils and the focus on a single class in a secondary
school in Germany (North Rhine-Westphalia (NRW)) limit the generalisability of the results
to a broader and more diverse pupil population. The regional focus on NRW may have
also introduced bias, as local educational policies and language demographics could have
influenced the findings. Future research could include a larger and more diverse sample in
order to increase the generalisability of the results.

The empirical results of our study show that a differentiation of the media offered
accommodates the different language skills of the learners.

The findings confirm a hypothesis of multilingual didactics: it is not only a matter
of appreciating the second language or compensating for deficits in German competence,
but also of confirming knowledge and metacognitive consolidation (Kaiser & Kaiser, 2018,
p- 13f.; Budke, 2012, pp. 3-5). By referring back to the topic in another language, pupils
consolidate their knowledge acquisition of the information elements. This reassurance,
which has not yet been documented in studies of multilingual didactics, and its systematic
nature are linked to very good learning results and determine the qualitative learning
progress of the group of the best pupils.

From the results of the study regarding the usage strategies of the best performing
pupils, it can be deduced that lesson content must be adapted to the linguistic heterogeneity
of the pupils without barriers and that the pupils must also be taught usage strategies
and given the opportunity to test and practise usage strategies such as, for example,
linking information, referring back to a previously worked topic in another language,
using multilingual notetaking and linking with other media. They must also be given the
opportunity to test and practise usage strategies such as linking information, including
referring back to a previously worked topic in another language, using reading strategies,
multilingual notetaking, linking with other media, bundling information and structured
summarising as well as using maps and images. These utilisation strategies show a high
correlation with very good learning outcomes.

Overall, multilingual and multimedia teaching materials help to make the educational
process more effective and efficient, promote learners’ language skills and help them
to better understand and retain specialised content. The targeted use of such media in
various educational environments is crucial in order to meet the increasing demands
on education today and prepare pupils for the challenges of modern society in the best
possible way. With regard to the design of geography lessons, we recommend taking
into account the heterogeneous language skills of multilingual pupils when planning and
implementing multilingual accessible lessons and also focussing on teaching the most
successful multilingual learning strategies.

The results of the present study indicate the need for further development of mul-
tilingual didactics in geography lessons, as the suitability of multilingual multimedia,
barrier-free, internally differentiating and therefore inclusive teaching materials is particu-
larly suitable for sustainable knowledge transfer. In order to move beyond the experimental
phase, multilingual geography teaching requires the further development of multilingual,
barrier-free, inclusive practice models. The strategies of the most successful multilingual
pupils in the final test represent an existing potential for future educational concepts. The
decisive factor for learning success is how effectively a learning strategy is used. Research
should focus on investigating how steering, control and understanding strategies can be
specifically taught to lower-achieving pupils.
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