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Abstract

Results of international studies such as PISA and PIRLS indicate that there is a
substantial correlation between language competencies, socio-economic background,
and knowledge. At secondary schools, language requirements increase due to a higher
level of technical language. As a result, access to subject-related learning becomes
more difficult, especially for pupils with low socio-economic status or a migration
biography. To give these groups of pupils equal educational opportunities, a learning
design for language-sensitive teaching in the Geography classroom was developed.
Research and development aspects were intertwined within the framework of design-
based research. Firstly, design-frameworks were developed based on the current state
of research and then transferred to a six-hour teaching unit on plate tectonics for
middle school pupils, which was accompanied by research. The results of the first
cycle (N=135) led to a re-design and a second cycle (N=185). To evaluate the
language-sensitive unit empirically, the treatment was contrasted with a control group
in a pre-post-follow-up design. Both groups covered the same content in the same
period. Knowledge, technical language, and motivational aspects were measured.
Learning gain scores were evaluated for validity and differences between the two
groups. The results show that the experimental group has significantly higher learning
gains (Cohen's d post-pre = .51) regarding geographical knowledge and technical
language.
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1 Introduction

A glance at the current state of research suggests that language competence is a
central premise for educational success. Following the so-called "PISA shock" (2000)
and the comparatively weak results of students from some industrial countries, a
series of additional language support measures such as extra language lessons were
introduced (Mullis et al., 2016a, 2016b; OECD, 2019). What remains despite these
efforts are difficulties in understanding the subjects. Educational research has
explored the possible reasons. It has shown that each subject has specific language
requirements and that these are aggravating factors in learning. Particularly in
mathematics education, but also in physics, biology, and history, the correlation
between language and subject competence has been widely documented (Handro,
2018; Hartig, 2010; Hottecke et al., 2017; Paetsch et al., 2015; Prediger & Hein,
2017; Schmiemann, 2011). As a further consequence, scientists and teachers
developed and implemented language promotion measures in the form of language-
sensitive subject teaching in mathematics, physics, and some social sciences. Studies
show positive effects of language-sensitive teaching units on knowledge and technical
language competences of children (Prediger & Zindel, 2017; Scheuer et al., 2010;
Schmolzer-Eibinger, 2013; Wessel, 2015). Language-sensitive geography teaching
understands language requirements in geography lessons as a learning object and as
key to getting access to geographical knowledge. Criteria for language-sensitive
geography teaching and empirical studies on its effectiveness, however, are lacking.
The presented research project focuses on this research gap and explores two research
questions:

(1) What are the design criteria of language-sensitive geography teaching?

(2) How effective is language-sensitive geography teaching compared to
geography teaching without language-sensitivity regarding the acquisition of
geographical knowledge and technical language?

The following paper firstly outlines the central methodological foundations. It then
sets out the main findings of the project. The design criteria for language-sensitive
geography teaching will be displayed, and insights into the effectiveness of language-
sensitive geography teaching are given.

2 Methodology

Based on fundamental considerations of our research design in the context of design-
based research, the sampling of our research project, as well as aspects of the data
collection, will be described below.

2.1 Research frame

Methodically we approached the research questions set out above with design-based
research (Bakker, 2018; McKenney & Reeves, 2019). It means that the two issues of
(1) what language-sensitive geography teaching looks like and (2) how effective it is,
are intertwined. We firstly developed design criteria for language-sensitive geography
lessons based on the current state of research in cooperation with practice experts.
The design criteria were then applied in a teaching unit, which is the subject of our
study. The study was conducted in two design cycles. The knowledge gained in cycle
I led to design cycle 11, also consisting of conception, implementation of the teaching
unit, data collection, and evaluation. Finally, the aim was to develop transferable



standards for language-sensitive geography teaching, an empirically tested teaching
unit, and findings on its effectiveness and its requirements for success (Figure 1).
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Figure 1: Overview of the research design
2.2 Sample

The required sample size was calculated with G*Power (Faul et al., 2007). A one-
sided t-test for independent samples with the desired medium effect size of
Cohen's d = .40, an a error of .05, and a power of .80 resulted in a sample size of 156
per design cycle. Thus a total of 320 students from twelve classes and six Berlin
secondary schools took part in the study; the allocation of courses to experimental or
control groups was randomized per school. To create a meaningful sample of the
target population, namely 7™ graders, schools from different catchment areas in Berlin
were selected. The example shows heterogeneity considering the first languages of
the children, their socio-economic backgrounds, and their performances. The data
presented in the following refer to the second design cycle, N = 185; the improved
teaching unit and the enhanced survey instruments were used.

2.3 Data collection

The data collection was carried out in a pre-post-follow-up design. The data presented
in the following focus on the pre-post comparison. We developed two teaching units,
one experimental and one control group. Each received six lessons on the topic of the
Earth's shell structure and plate tectonics but differed in the degree of language
sensitivity. The experimental group received language-sensitive geography lessons,
whereas control group I did not. Furthermore, a second control group was established
to test whether learning gains could be achieved only by repeating the surveys (Figure
2). However, there were no significant learning gains in control group II; thus, it was
left out in the second cycle.
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Figure 2: Research process per design cycle

The measurements focused on the two target variables knowledge and technical
language, as well as the self-assessment of the students. Geographical knowledge on
the subject of the Earth's shell structure and plate tectonics was assessed using a self-
developed test (Cronbach's a = .79). The test aimed to be linguistically easily
accessible. The target variable technical language was operationalized through two
different survey instruments in order to address different facets of technical language.
The C-test (Grotjahn et al., 2002), on the one hand, is a select type of gap test, which
is primarily used in language acquisition research. We adapted the test for our
research purpose using geographical texts about the above topic. The reliability turned
out to be very good (Cronbach's a = .96). In the profile analysis (GrieBhaber, 2016),
on the other hand, the participants were asked to write a text about the formation of
the Alps, given a sequence of images. The texts were then evaluated with regard to
various surface characteristics (Cronbach's o = .82). Moreover, the self-assessment of
the students' geographical knowledge and technical language competence was
assessed on a five-level Likert scale. The items are based on large-scale school
achievement studies (Cronbach's a. = .92).

3 Findings

In the following, the initial results of the research project are set out. On the one hand,
we give insight into the developed design criteria. On the other hand, we focus on the
first results concerning the effectiveness of language-sensitive geography lessons.

3.1  Design-criteria

The design criteria were derived from the current state of research in a variety of
neighboring research areas. We do not claim that the criteria are complete and they
can be prioritized differently depending on the student's needs. Nevertheless, the
following criteria turned out to be useful and good to operationalize in our research
project. The effectiveness of the criteria was tested via the language-sensitive
geography teaching unit (see Chapter 3.2).

1. Good geography teaching as a basis

The main goal of language-sensitive geography lessons is to give all pupils the best
possible access to geography. Thus, the basis of language-sensitive geography
teaching needs to be "good" geography teaching. Although there is not only one way
to teach geography, there is a broad consensus that good geography teaching is based
on a moderate constructivist understanding of learning (Rempfler, 2018a). Moreover,



proper geography lessons include incorporating different geographical methods and
the basic concepts of geography (Fogele, 2016; Rempfler, 2018b). The treatment
adheres to the essential criterion of "good" geography lessons.

2. Scaffolding

Various empirical studies in educational research and second language didactics
suggest that scaffolding has high effectiveness for language and subject learning in
the classroom (Barricelli, 2015; Gotze, 2018; Prediger & Zindel, 2017). Scaffolding is
based on Vygotskij's "zone of proximal development" (Cole & Vygotskij, 1979).
According to Vygotskij, learning is best stimulated when the aim is slightly above the
current performance level. In order to reach the next level, scaffolds are offered and
then gradually withdrawn. The treatment contains scaffolds on a linguistic level, for
example, to relieve reading and writing on the one hand and to stimulate the
corresponding learning process on the other.

3. Networking of representations

Especially in didactics of mathematics and in second language didactics, the
networking of representations is considered to be fruitful for subject and language
learning (Beese et al., 2014; Gibbons & Cummins, 2002; Wessel, 2015). The aim is to
use different forms of representation to present the same content. The networking of
the forms is one key to understanding. The language-sensitive teaching unit includes
various forms of representations and offers to connect them.

4. Inclusion of the first language

Second language didactics point out the necessity of including the first language in
subject learning. Although teachers cannot manage every language in their classroom,
it is possible to consider the first language of the students as a potentially useful
resource (Gogolin, 1994; Marx, 2014; Riegger et al., 2017). The students participating
in the study were invited to use their first language if they felt it would be helpful for
them.

3.2 Treatment effects

The teaching unit based on the criteria was examined, testing a set of specific
hypotheses. Next, we outline our three main hypotheses and our evaluation strategy.

Following the logic that knowledge gain is only possible if one understands the
information provided linguistically, it seems plausible that the experimental group
(EG) should have higher increases in knowledge than the control group (CG). Since
technical language is explicitly addressed in the experimental group, but not in the
control group, we also expected advantages for the experimental group in the gain of
technical language. Furthermore, we assumed changes in self-assessment in the
experimental group since the self-assessment of the participants is an explicit part of
the language-sensitive treatment (Table 1).



Table 1: Statistical hypotheses for pre-post-difference A

EffectsH;KnowledgeTest
(mean(EGt;) — mean(EGt,))/
((S(EGp) + s(EGy1) / 2)) >
(mean(CGt,) — mean(CGt;))/
((s(CGp) +s(CGu) / 2))

EffectsHoKnowledgeTest
(mean(EGt;) — mean(EGt,))/
(S(EGp) + s(EGy) /2)) <
(mean(CGt,) — mean(CGt;))/
((s(CGp) +s(CGu) / 2))

EffectsH; TechnicalLanguage
(mean(EGt;) — mean(EGt,))/
((S(EGp) + s(EGy1) / 2)) >
(mean(CGt,) — mean(CGt;))/
((s(CGp) +s(CGu) / 2))

EffectsHoTechnicalLanguage
(mean(EGt;) — mean(EGt,))/
(S(EGp) + s(EGy1) /2)) <
(mean(CGt,) — mean(CGt;))/
((s(CGp) +s(CGu) / 2))

EffectsH,Self-assessment
(mean(EGt;) — mean(EGt,))/
((S(EGp) + s(EGy) /2)) #
(mean(CGt,) — mean(CGt;))/
((s(CGp) + s(CGy) / 2))

EffectsHySelf-assessment
(mean(EGt;) — mean(EGt,))/
((S(EGp) +s(EGy) /2)) =
(mean(CGt,) — mean(CGt;))/
((s(CGp) + s(CGy) / 2))

Notes:

H;: statistical alternative
Hy: null hypotheses

m: mean

s: standard deviation

t;: pre-measurement

ty: post-measurement

To test the hypotheses, we defined a change score A as Cohen's d for independent
samples subtracting the change in the experimental group minus the change in the
control group. Therefore, a positive A indicates higher relative gains (or smaller
losses) in support of the treatment.

Group differences A for the pre-post-differences were thus compared by Cohen's demp
and an associated critical d-value (d.it). We chose a power (B-1) of > 80 % and a
significance level of a < .05. If demp > derit, the statistical alternative hypothesis is
accepted with 80% certainty, and the null hypothesis is rejected with 95% certainty.

Regarding higher learning gains, we find significant advantages for knowledge and
technical language in the experimental group. These findings support the alternative
hypotheses. For the self-assessment, no significant group differences were found; the
alternative hypothesis is rejected (Table 2). Ad.it was computed with G*Power (Faul
et al., 2007) in a sensitivity analysis for independent groups t-tests (one-sided for
every test score except for self-assessment, which was two-sided). This evaluation
strategy of planned contrasts is more efficient and specific than other statistical
procedures and contributes this way to the statistical validity (Hager, 2004).



Table 2: Treatment effects for four test scores A t2-tl (a = .05, p-1 =.80)

test Adeit | Ademp | Ademp = | EG/CG | N | AM SD terie | df
Adrit t2-t1

knowledge 0.40 0.51 yes EG 88 | 0.12 0.11 1.66 | 156
CG 69 | 0.06 0.11

C-test 0.40 0.51 yes EG 88 | 0.34 0.31 1.66 | 156
CG 69 | 0.19 0.30

profile analysis | 0.40 0.51 yes EG 88 | 6.24 10.66 1.66 | 156
CG 70 | 0.27 12.60

self-assessment 45 -0.28 no EG 88 | -0.12 0.45 1.98 | 155
CG 69 | 0.00 0.40

4 Conclusion

On the one hand, our research aimed to look at what design criteria language-sensitive
geography lessons could have. The four principles we adopted from the current state
of research and worked with were useful in our project. On the other hand, we
demonstrated the effectiveness of language-sensitive geography teaching in a specific
age group for a specific geographical subdomain. In this setting, the experimental
group shows clear advantages over the control group in terms of both knowledge and
technical language. In contrast, no significant changes could be found for the self-
assessment. In other words: all students know more after the lessons than before and,
students of the experimental group know more than their peers in the control group.

For both research questions, the design-based research framework can be an
advantageous approach for other age groups and geographical subdomains, primarily
through the iteration and the formative evaluation. Also, the close cooperation with
teachers throughout the research process was fruitful. The survey instruments we
developed and adapted are suitable in their validity and reliability for measuring the
target variables. Throughout the design cycles, the instruments were optimized so that
they can be used for further research.

4.1 Limitations

One limitation is the sample size. We chose a significance level of .05 and a power of
.80 being able to detect effects higher than half a standard deviation but not smaller
effects. Another aspect is that, although the design criteria worked in our setting, it
remains questionable how exactly the criteria operate in other contexts, for example,
on a different topic or different age groups. Design-based research examines entire
designs and ultimately cannot filter out isolated factors that could explain the success
or failure of an intervention. This paper focuses on the pre-post comparison of the
data; calculations, including the follow-up-tests, are still to come.

4.2 Prospects

According to our research, language-sensitive geography teaching is key to giving
students better access to knowledge and technical language. However, there are still




many questions to answer. For instance, further research on the changes in self-
assessment should be done, especially in conjunction with the development of
knowledge and language skills. In the case of interpreting the findings considering the
self-assessment, we face difficulties. For now, we cannot say that the self-assessment
of one or both groups has improved or worsened. It can be said that the experimental
group assesses its skills as lower than before the treatment. One interpretation could
be that the participants overestimated their abilities in the first assessment. After the
treatment, which focuses on linguistic difficulties, the self-assessment could have
become more realistic. It could also mean that the participants' self-assessment
decreased because they felt overwhelmed by the treatment. In the analyses presented
here, the entire sample of cycle II was considered. It might also be useful to examine
various reference groups, separated by gender and reading literacy, to investigate
differential effects depending on the group. Moreover, calculations on the stability of
the effects including the third measurement time are required.
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