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Abstract: School-related reading requirements can be challenging and are en-
twined with the general ability to perform academically in subjects such as mathe-
matics. However, it is empirically still unclear in how far linguistic requirements
affect regular secondary school students ability to interact with subject content. The
project reported here investigated the effects of academic German language char-
acteristics on text comprehension difficulty of regular students in a German com-
prehensive school (“Gesamtschule”, 10 % heritage language users) in 25 text-heavy
modelling tasks on mathematical functions. For each text, three versions with dif-
ferent amounts of academic lexical and syntactic features were constructed, while
the content was not altered. N = 407 regular secondary school students (grades 7–10)
solved text comprehension items specifically relevant to the mathematical task so-
lution. General measures of language and mathematical proficiency and cultural
capital were elicited. The main findings were that a), considerable numbers of stu-
dents did in fact experience text comprehension difficulties of mathematically rele-
vant information in mathematical modeling tasks; b), a systematic increase of aca-
demic language features in the task texts increased comprehension difficulty even
when students characteristics were controlled for; c) higher grade level, mathema-
tical and general language competence, and male gender, predicted strongly the
ability to solve the comprehension items correctly; and d) number of books at home
and language use at home did not moderate text comprehension after all other vari-
ables were controlled.
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Zusammenfassung: Schulische Leseanforderungen stellen eine Herausforderung
dar und sind mit der allgemeinen Fähigkeit verbunden, in Sachfächern wie Mathe-
matik akademische Leistungen zu erbringen. Bisher ist empirisch noch unklar, in-
wieweit sich sprachliche Anforderungen bei Regelschülerinnen und -schülern in
der Sekundarstufe auf den Umgang mit fachlichen Inhalten auswirken. Das hier
vorgestellte Projekt untersuchte die Auswirkungen von bildungssprachlichen Merk-
malen des Deutschen auf das Textverständnis von Regelschülerinnen und -schülern
einer deutschen Gesamtschule (10 % verwenden zu Hause (auch) eine Herkunfts-
sprache) in 25 textlastigen Modellierungsaufgaben zu mathematischen Funktionen.
Für jeden Text wurden drei Versionen mit unterschiedlich vielen Elementen typisch
bildungssprachlicher lexikalischer und syntaktischer Merkmale erstellt. Der Inhalt
wurde nicht verändert. N = 407 Schülerinnen und Schüler der Sekundarstufe (Klas-
senstufen 7–10) lösten dazu Textverständnisaufgaben, die sich speziell auf die
Lösung der mathematischen Aufgaben bezogen. Es wurden allgemeine Maße der
sprachlichen und mathematischen Kompetenz sowie des kulturellen Kapitals erho-
ben. Die Hauptergebnisse waren folgende a) Eine beträchtliche Anzahl von Schü-
lern und Schülerinnen hatte Schwierigkeiten, mathematisch relevante Informatio-
nen in mathematischen Modellierungsaufgaben zu verstehen; b) ein systematischer
Anstieg von bildungssprachlichen Merkmalen in den Aufgabentexten erhöhte die
Verständnisschwierigkeit, selbst wenn die Schülermerkmale kontrolliert wurden;
c) höhere Klassenstufe, mathematische und allgemeine Sprachkompetenz sowie das
männliche Geschlecht sagten die Fähigkeit, die Verständnisaufgaben richtig zu lö-
sen, in starkem Maße voraus; und d) nach Kontrolle aller anderen Variablen beein-
flussten die Anzahl der Bücher sowie der Sprachgebrauch im Elternhaus das Text-
verständnis nicht.

Schlüsselwörter: Bildungssprachliche Fertigkeiten, Deutsche Bildungssprache,
Sprache im Mathematikunterricht, Sekundarstufe, Leseverstehen testen

Resumen: Los requisitos de lectura relacionados con la escuela pueden suponer un
reto y están entrelazados con la capacidad general para rendir académicamente en
asignaturas como las matemáticas. Todavía no está claro empíricamente hasta qué
punto los requisitos lingüísticos de los alumnos de secundaria afectan a su forma de
abordar los contenidos de las asignaturas. El proyecto que aquí se presenta investi-
gó los efectos de las características lingüísticas educativas del alemán en la com-
prensión de textos de alumnos regulares de una escuela general alemana (el 10 %
(también) utiliza una lengua de herencia en casa) en 25 tareas de modelización ba-
sadas en textos sobre funciones matemáticas. Para cada texto, se construyeron tres
versiones con diferentes cantidades de características léxicas y sintácticas académi-
cas, mientras que el contenido no se alteró. N = 407 estudiantes regulares de secun-

228 Lena Heine, Timo Ehmke and Dominik Leiss MOUTON



daria (7º-10º curso) resolvieron ítems de comprensión de textos específicamente re-
levantes para la solución de la tarea matemática. Se obtuvieron medidas generales
de competencia lingüística y matemática y de capital cultural. Los principales resul-
tados fueron los siguientes: a) un número considerable de estudiantes experimentó
dificultades en la comprensión de textos con información matemáticamente rele-
vante en tareas de modelización matemática; b) un aumento sistemático de las car-
acterísticas del lenguaje académico en los textos de la tarea incrementó la dificultad
de comprensión incluso cuando se controlaron las características de los estudiantes;
c) un nivel de estudios más alto, la competencia matemática y lingüística general y
el sexo masculino predijeron fuertemente la capacidad de resolver correctamente
los ítems de comprensión; y d) el número de libros en casa y el uso del lenguaje en
casa no moderaron la comprensión de textos una vez controladas todas las demás
variables.

Palabras clave: Competencia lingüística académica, alemán académico, lenguaje en
matemáticas, secundaria, evaluación de la comprensión lectora

1 Introduction

Secondary education has operated under the assumption that students have the
necessary linguistic skills to comprehend both general academic and subject-speci-
fic texts. A range of studies, however, have revealed a great variance in secondary
students’ reading proficiency, which has been found to strongly relate to their per-
formance in specific subjects (e. g., OECD 2019; Snow 2016; Zhu 2022). Mathematics
education is intricately linked with reading skills since it employs mathematical
modelling tasks – problems that utilize real-world scenarios presented in text – for
learning and assessment (Leiss et al. 2019; Verschaffel et al. 2020). This highlights the
need for students to be not just mathematically proficient, but also to possess strong
reading comprehension skills in order to effectively understand and solve these
types of problems. Accordingly, mathematical modelling tasks have shown to raise
difficulty for students compared to tasks without an extensive textual input (Abedi
et al. 2003) and mathematical achievement is associated with reading comprehen-
sion (Leiss et al. 2010; Wijaya et al. 2014). It is thus plausible to assume insufficient
linguistic skills to contribute to achievement problems. Some linguistic characteris-
tics are known to cause strain on reading comprehension and text processing (over-
view in Heine et al. 2018) – among them, complex, nested sentence structures, infre-
quent and technical vocabulary, and ambiguous expressions. A number of studies
have investigated whether such linguistic features had an impact on students’ task
performance in mathematic modelling tasks. However, the results were overall in-
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conclusive (Cruz Neri and Retelsdorf, 2022). Some studies showed linguistically
weaker learners to perform less successfully on linguistically more demanding
mathematical tasks and to profit from linguistic simplification (Abedi and Lord
2010; Prediger et al. 2013; Martiniello 2009; Jorgensen 2011), while others indicated
no or only minor effects on task difficulty (Pöhler et al. 2017; Walkington et al. 2019;
Kieffer, Lesaux et al, 2009; Haag et al. 2015; Heppt et al. 2015). Still, assuming higher
linguistic demands to cause higher difficulty levels for secondary students seem to
have face validity both for teachers and students: Ehmke et al. (under review) pre-
sent evidence that experienced teachers tend to grossly over-estimate linguistic dif-
ficulties of mathematic modelling task texts for upper secondary students. Also,
Hackemann et al. (2022) results show that students perceive linguistically more com-
plex texts as more difficult – while in fact not showing any considerable compre-
hension problems when actually processing them, compared to linguistically sim-
pler versions of the same task texts.

The inconclusive results could mirror the fact that the studies used a range of
age groups, different linguistic variation methods and different mathematical tasks,
and frequently conflated linguistic and subject-specific dimensions. Thus, it is ne-
cessary to systematically control linguistic elements of mathematical task texts in-
dependent of their mathematical demands if one wants to gain insights into what is
difficult for secondary students.

To further understanding in this matter, we report results from a larger inter-
disciplinary project, VAMPS1, whose main aim is to investigate the impact of linguis-
tic features in task prompts on different levels of mathematical task difficulty (Leiss
et al. 2024). The purpose of the present study is to investigate whether systematic
linguistic variations of academic language features in mathematical modelling tasks
cause comprehension problems for secondary school students and whether certain
groups of students are more affected by academic language features than others.
The following research questions will be addressed:

RQ1: Do regular middle and upper secondary students (grade 7–10) experience
general language comprehension difficulties that could potentially hinder success-
ful processing of mathematical modelling problems?

RQ2: If comprehension difficulties arise, do they vary systematically with dif-
ferent degrees of academic language features in mathematical modelling task texts?

RQ3: Which student characteristics mediate or moderate possible effects of
comprehension difficulties?

1 Funded by the German Research Foundation (DFG), project no. 417017613. The project also com-
prises a twin project in the subject area of physics, cf. Schwippert, Zilz & Hötteke (2024).
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2 Background

2.1 Reading comprehension, linguistic demands, and academic
language

Reading comprehension is a complex process. It combines data-driven decoding of
phonological, orthographical, lexical, syntactical and textual forms with top-down
processing such as previous (world, subject-specific and reading-specific, e.  g. genre)
knowledge, as well as the situational goal of the reading activity, and, if successful,
results in a mental model of the information represented in the text (van Dijk and
Kintsch 1983; Verhoeven and Perfetti 2008). Comprehension can be impeded on all
these levels – for instance, caused by lacking lexical or morphosyntactic knowledge,
strain on working memory, problems with focus or the integration of information
into a coherent representation, or the lack of background knowledge which the text
presupposes. The difficulty of a text can therefore not be defined by textual features
alone but only in combination with reader characteristics.

This is closely connected to what can be considered a ‘normal’ level of profi-
ciency for school students. Being a native speaker does not always coincide with the
necessary linguistic skills to succeed in school, because academic registers cannot
be acquired in colloquial language use settings alone (Cummins 2000; Schleppegrell
2004; Snow and Uccelli 2012). Academic language is frequently associated with
dense information and comparatively rare constructions, such as complex nominal
phrases, a high number of sub-clauses per sentence, passives, abstract vocabulary
and semantically opaque expressions. These features enhance processing demands
even in otherwise proficient language users, because they put stress on working
memory or because they are not automatized and increase processing activity for
an integration into a mental model (Schleppegrell 2004; Snow and Uccelli 2012; for
German: Heine et al. 2018). Importantly, the difference between everyday language
and academic language is not categorical, but gradual. For example, while complex
sentences and passives are more prevalent in the academic register, they do also
occur in everyday language, but much less frequently (Snow and Uccelli 2012). Ac-
cordingly, it is possible to create texts that express (near-)identical content with a
minimum, or a maximum of linguistic features typical for academic language.

Many studies in the field assume second language learners to be at a disadvan-
tage for the acquisition of academic registers. However, research does not provide
any evidence that the use of another language at home or second language status
causes lower language achievement in the dominant school language unless it coin-
cides with recent immigration which implies that the learners are still in the pro-
cess of basic language acquisition (e. g., Montrul 2008; De Houwer 2018). Rather, chil-
dren from low socioeconomic and low educational family backgrounds experience
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less familiarization with academic language (Domenech and Krah 2014; Morek
2014).

2.2 Reading comprehension for mathematically relevant
mental models

With the increasing integration of real-life problems into mathematics education,
general language comprehension (Morgan et al. 2014) and reading (Abedi and Lord
2010) have become a focus of research, which initially dealt with relatively straight-
forward and assessable situations: “Alice had 9 cookies. She gave some away. Now
she has 4. How many cookies did Alice give away?” (Reusser 1990).

Since the introduction of educational standards, however, modelling tasks with
longer texts are appearing increasingly in mathematics lessons (Leiss et al. 2010; see
example in Fig 1). They require the mental construction of a more complex situation
model which is situated in a quasi-authentic setting.

Figure 1: Mathematical modelling task text Varroa mites from the VAMPS project

In addition to inner-mathematical skills, students’ reading ability has been found to
be a central predictor for the successful completion of such tasks (Leiss et al. 2019).
If students struggle to decode the modelling task linguistically, their chances of sol-
ving the task will decrease, even if they are mathematically competent. What is
important here is that in a mathematical modelling task, the situation model needs
to be construed from the text so that it contains the relevant elements for the under-
lying mathematical problem – so, in addition to general processes of meaning con-
struction, students need to categorize the text information with regard to the math-
ematical model and the specific operations required for a solution. Prediger et al.
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(2018) found that not only reading comprehension impacted on 10 graders’ ability to
solve mathematical world tasks but translating the text information into the math-
ematical procedures that the test items induced. So, comprehending a text and com-
prehending it for mathematical task solution might be based on a similar basis, but
are ultimately different processes: While general text comprehension aims at the
overall situation or distinct elements described in the text, the construction of an
adequate mathematical situation model requires an understanding of specific data
and their relationship to each other. For the task presented in Figure 1, it is not so
much the textual process of biological reproduction of a varroa mite that is to be
understood (Figure 2), but the specific quantitative aspects of the reproduction pro-
cess and how these aspects interrelate (Figure 3).

Figure 2: General mental model of the modelling task text Varroa mites

Accordingly, the mathematical situation model must be regarded as a specific form
of the general one which mathematical task text analysis needs to take into account
when identifying potential comprehension difficulties in mathematics tasks.

Figure 3: Mathematical mental model of the modelling task text Varroa mites
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3 Method

3.1 Study design and sample

The study used an experimental design with the within-factor items’ academic lan-
guage level (low=LL1, medium=LL2, high=LL3). The dependent variable is students’
reading comprehension of mathematical modelling tasks that are varied in the aca-
demic language level. Additionally, several person characteristics as continuous
moderator variables were elicited: a) Students’ general language proficiency, b) gen-
eral maths score, and c) number of books at home as an indicator for cultural capi-
tal. A convenience sample from a general comprehensive school (“Gesamtschule”)
in Northern Germany with all academic tracks and a broad range of performance
heterogeneity was used. The school is part of a research-practice partnership pro-
ject and participates regularly in research projects. The sample consisted of a total
of N = 424 students from grade 7–10 The sub-samples for each school grade level
comprised n=124 students for grade 7, n=125 for grade 8, n=106 for grade 9 and
n=69 for grade 10. 52 % of the participants were female, 48 % male. The average age
was 14.85 years (SD=1.24 years). 10 % of the students speak a different language at
home than German. Since the region in which the study was conducted is not char-
acterized by regional varieties, this information must refer to heritage languages
spoken due to a migration history of the students’ families. 10 % heritage language
use in students’ homes is a typical distribution for the region. However, the infor-
mation does not provide any insight into the amount of students’ heritage language
use, nor their level of competence. Since data were gathered in regular school
classes, we can assume that the students understood and spoke German as the lan-
guage of schooling sufficiently well to follow regular classroom interactions.

Consent to participate was given by the school, parents and students. The stu-
dents were informed that they would not suffer any disadvantages if they decided
not to participate. However, no students declined, presumably because participa-
tion was perceived as low-stakes and as an interesting alternative to regular school
lessons. The students were tested class-wise in a regular school lesson and those
who were present that day participated, so any non-participation was probably due
to illness. We therefore estimate the missing values due to non-participation as
‘missing completely at random’ (MCAR) (Allison 2001) and assume that there is no
significant bias of the results. A comparison of the social background indicators of
the participating students with indicators from representative school performance
studies (OECD 2018) shows that there are no significant differences in the number of
books at home. The median of the questionnaire item books at home both in our
study and in the OECD 2018 German sample is ‘26-100 books at home’ (Mang et al.
2021, p. 29). Therefore, even though we did not opt for a fully representative student
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sample, we would consider our student sample to be average for the covered age
group in Germany.

3.2 Procedure

This study used a rotated paper-pencil test design with 12 different test booklets.
Each consisted of the following four parts:

Part 1: Language proficiency test (cloze format) (5 min)
Part 2: Reading comprehension test of mathematical modelling tasks (65 min)
Part 3: Mathematics proficiency test (functional relationships) (10 min)
Part 4: Questionnaire on key demographic personal characteristics (5 min)
The total time of 85 minutes was a usual test duration for the students. While

parts 1–4 were identical in all test booklet versions, they differed in terms of the
modelling tasks used in part 2. Overall, 25 mathematical modelling tasks were var-
ied each in three levels of the amount of academic language features they contained
(LL1, LL2 and LL3, see section 3.2.3). In order to ensure reliability and mitigate text
and topic biases, student solved 15 out of the 25 tasks, five tasks each in a LL1, LL2
and LL3 version in a systematic rotation. This ensured that each task version was
solved by a large enough sample of students from each year group and each student
provided comprehension data from five LL1, LL2 and LL3 texts.

3.2.1 Cloze test as a measure for language proficiency

The students’ general German language proficiency was measured with a brief
cloze test (5 minutes). The cloze format is well-established as a rather robust reliable
and valid measure of general language proficiency (Tremblay 2011). The test used in
this study resembles the specific cloze format of the c-test (Grotjahn and Drackert,
2020), but deviates from its canonical structure in that it only used one single text
and did not fully adhere to the c-test deletion and scoring measures. The text used in
the test consisted of a brief (96 words) nontechnical article extract about health in
the workplace, published in the daily newspaper Hamburger Abendblatt (2007).
There was a balanced proportion of content and function words. In 25 selected
words only the first half was given, the second part had to be completed. This en-
sured an approximation of students’ lexical, grammatical, orthographic and textual
abilities of both receptive and productive skills. Each gap was coded as a single item
(Harsch and Hartig 2015) and scored one point (correct) or 0 points (incorrect or
misspelled), yielding a Cronbach’s alpha of 0.86. The item scale means were calcu-
lated and z-standardized which led to a transformed scale with M=0 and SD=1. The
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text and deletion technique had in previous studies (Leiss et al. 2018) shown to re-
liably differentiate samples of regular secondary students in normally distributed
data. The cloze test used here can thus be assumed to capture the students’ general
linguistic abilities in relation to each other.

3.2.2 Mathematical modelling tasks

25 mathematical modelling tasks from the field of mathematical functions were de-
veloped by a mathematics expert team. The tasks contained a broad range of quasi-
authentic real-world settings, with a broad array of topics, ranging from YouTube
influencers’ progressive income, rise in fine particle pollution after the New Year’s
Eve fireworks, to mites in a beehive (Fig. 1). These settings were each presented in a
comparably long text prompt which contained all the necessary information stu-
dents needed to comprehend as a prerequisite for any mathematical task solving
process, but also additional information not necessary for the mathematical task.
The task designers first wrote rich expository texts and only then designed various
related (mathematical) questions. Each text contained several numbers, not all of
which relevant for the mathematical model in question. These measures ensured
that the mathematically relevant information was not only confined to a short pas-
sage of the text and salient, so that reading and understanding the entire text was
necessary for the solution of the mathematical task.

3.2.3 Varying the text prompt linguistically

The primary text prompt created by the mathematicians was used by a team of
linguists to create three text versions with different linguistic features. First, the
text was broken down into single information units that corresponded to the mean-
ing expressed in the original text. Then, a version close to the original text was
created (LL2) which adhered to rigid construction principles in order to keep struc-
tural elements consistent across all 25 tasks, and which later on served as the start-
ing point for the development of two other versions of the text: One with less fea-
tures of academic German (LL1), one with more (LL3) than LL2, as illustrated in
Table 1.
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Table 1: Example mathematical task “Varroa mites” varied in three language level (LL1, LL2 and LL3) text
versions

Information
units

LL1 LL2 LL3

1 Die meisten Bienenvölker
haben Varroa-Milben.

‘Most bee populations
suffer from Varroa mites.’

Bei den meisten
Bienenvölkern findet man
Varroa-Milben, die als
Parasiten angesehen
werden.

‘Most bee populations
suffer from Varroa mites,
which are regarded as
parasites.’

Bei den meisten Bienenvölkern
sind die als Parasit anzu-
sehende Varroa-Milben zu
finden, durch die aufgrund
ihrer extrem schnellen
Vermehrung im Bienenstock
den Larven der Bienen
Schaden zugefügt wird.

2 Diese Milben sind Parasiten.

‘These mites are parasites.’

3 Sie schaden den Larven der
Bienen.

‘They damage the bees’
larvae.’

Die Milben fügen den
Larven der Bienen Schaden
zu, was man auf ihre extrem
schnelle Vermehrung im
Bienenstock zurückführen
kann.

‘The mites damage the
larvae of the bees due to
their extremely fast
multiplication inside the
beehive.’

‘Most bee populations suffer
from the Varroa mite, which is
to be regarded as a parasite,
through whom the bees’
larvae are damaged due to the
mites’ extremely quick
multiplication inside the
beehive.’

4 Denn die Milben vermehren
sich extrem schnell im
Bienenstock.

‘Because the mites multiply
extremely fast inside the
beehive.’

... ... ... ...

Note: English translations are only approximate, not all German syntactic constructions can be formed
in analogue to English.

Syntax. The main construction principle of the three text versions was the main
clause/sub clause ratio: While LL1 generally used only main clauses, LL2 consis-
tently presented the textual content in a string of main clause + sub clause struc-
tures to transport the same informational content. LL1 allowed only subclauses in-
troduced by the highly frequent weil, ‘because’, and the complementizer dass, ‘that’,
when main clause structures would be unidiomatic. LL3, on the other hand, only
applied syntactic structures more complex than LL2, and typically exchanged sub-
clauses with participles. Variability in order of information presentation was kept
to a minimum across the three text versions; so, one sentence unit in LL2 always
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integrated two corresponding LL1 sentence units, and LL3 always integrated two
corresponding LL2 units (= four LL1 units). Only within each syntactic unit, a differ-
ent order of content presentation was allowed, which was often necessary due to
the more complex syntactic structures used, such as participles or nominalizations,
or due to stylistic authenticity.

Verb forms, semantic transparency and verbal/nominal style. Verb forms were a
second focus of systematic variation: LL1 used predominantly verb forms instan-
tiated in a single word, while LL2 employed verb forms consisting of several ele-
ments; cf. Table 1, information unit 2, which uses sind ‘are’ (in 3rd person plural) in
LL1 and the passive structure angesehen werden ‘are regarded’ in LL2. LL3 also em-
ployed verb forms consisting of three elements. This construction principle corre-
sponded to the degree of semantic transparency: LL1 used verbs in their prototypi-
cal, highly frequent meaning association, such as ‘be’, ‘have’, ‘damage’; LL2 and LL3,
on the other hand, exchanged these verbs with collocational noun-verb combina-
tions which in German can be used as alternatives to simple verbs, often contain
particle verbs and are typical and highly frequent features of academic German: In
information unit 3, instead of the simple verb schaden ‘to damage’, LL2 uses Schaden
zufügen ‘to provide damage’. Here, Schaden ‘damage’ is instantiating a transition
from a verbal (LL1) to a nominal style (LL2 and LL3) and is lexically associated to
the particle verb zufügen in a collocational way. The example above illustrates that
in German, the particle is often split from the verb and put in clause final position,
(fügen ... zu) which requires the reader, in order to understand the intended mean-
ing, to identify a phrase as a whole and keep all sentential elements in working
memory until the clause’s end is reached. Care was taken that only verbs were ex-
changed in this way in which the lexical core could be maintained (schaden -> Scha-
den zufügen in the example above) in order to prevent different semantic elements
to become prominent in the different text versions. In cases where a more complex
verb was necessary and no simple verbs could be found to express a similar mean-
ing, the same lexical core was kept across all three levels. So, information unit 4 in
the example above uses the particle verb vermehren ‘multiply’ in LL1 because there
is no simple verb which can express the same concept without clouding the in-
tended meaning. This attempts to avoid making LL1 more difficult to comprehend
than the more concise LL2. It corresponds to the lexical core in the nominalization
Vermehrung ‘multiplication’ in Version LL2 and LL3, which keeps the explicit se-
mantic content stable across all three versions. The frequent use of nominalizations
in LL2 and LL3 also have other effects: While the verbal style in LL1 typically rea-
lizes concrete agents in the sentences’ subject, the nominal style transforms the ac-
tion itself into the subject. This is a less prototypical function of subjects, which also
leads to the necessity to use prepositions and articles in genitive and dative form.
Specific care was taken to not alter semantic content; only explicitness of semantic
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information was varied, e.  g., some nouns in LL2 were exchanged with pronouns in
LL3.

Deixis. Deictic elements comprise different types of expressions whose meaning
can vary in different contexts. Typical deictic elements are personal pronouns or
temporal or local expressions such as ‘then’ and ‘there’. In LL1, only such deictica
were used for which the necessary relational information was maximally one pre-
vious information unit away (Example above, information unit 2 and 3: Diese Milben
... Sie ... ‘These mites ... They ...’. In LL2, the corresponding information was never
more than one previous sentence (main clause + sub clause) away, while in LL3, the
distance could be longer, and could also be cataphoric. This raised the effort of
meaning construction across the three versions, because the search for the refer-
ence nouns put more pressure on working memory in the more demanding text
version.

Impersonal expressions. The final category systematically varied was the use of
impersonal expressions which render the actor in a sentence partly or largely invi-
sible, such asman ‘one’, as inman kann sehen, dass ... ‘one can see that ...’, or passive
constructions, which allow to omit the actual agent and are also a typical feature of
academic German. While in LL1, such constructions were overall avoided, LL2 and
LL3 made use of them.

These principles were applied to the text construction and re-checked several
times by a team of linguists until final versions were reached to ensure the typical
marker features for each language version were applied, and marker features of
higher levels were not included in the lower levels. In cases were semantic or sty-
listic reasons made it necessary to deviate from the construction principles, the ele-
ment in question was kept stable across all three text versions in order not to create
any variation. Mathematical terminology was considered part of the mathematical
test construct and therefore not included into the linguistic variation. Therefore, it
was kept identical across the different text versions. The variation led to texts that
varied in the range of word count from 140 to 283 but with approximately similarly
length across the three text versions (M=201 words for LL1, 206 words for LL2, 209
words for LL3).

3.2.4 Creating the mathematical reading comprehension items

In order to determine to which extent linguistic aspects of a mathematics task can
account for any potential unsuccessful mathematical processing by the students,
specific comprehension test items were developed. These aimed at those compre-
hension elements that were necessary for processing the mathematics task, rather
than a general comprehension of the situation presented in the task text. For this
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purpose, all modelling tasks were analysed according to the mathematically neces-
sary information they contained. Based on this, nine single-choice items were con-
structed for each task. For the example task Varroa mites, this analysis revealed
three necessary information units (number of mites in spring, number of mites
needed for a multiplication cycle, number of mites after a multiplication cycle) and
two relationships (in spring each mite starts a multiplication cycle and each multi-
plication cycle does not always add the same number of mites) that students would
need to understand for later mathematical processing. Note that in the study pre-
sented here, the students did not solve the tasks mathematically but only answered
the mathematically relevant comprehension items. For results on a second study
with a focus on the mathematical task solution, see Ehmke, Leiss and Heine (under
review).

Figure 4: Comprehension items of the modelling task Varroa mites

After a laboratory pilot test had shown that ceiling effects were to be expected in the
intended target group, a third answering option, ‘not given in the text’, was included
alongside ‘right’ and ‘wrong’, an item format which is known to raise difficulty in
reading comprehension tests (Alderson 2000; Castello 2008).

3.2.5 Mathematics proficiency test

Mathematics proficiency was measured by a self-developed, very basic subject test
on linear functions. In this short test, all students completed six items in which they
had to solve equations (e. g. 5+x=3, x=?). Finally, a sum score was calculated from the
tasks solved correctly. The scale reliability was 0.78.
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3.2.6 Analysis

For research questions 1 and 2, we calculated the descriptive statistics; further, sig-
nificant group differences between the LL1 and LL3 task versions were assessed
using ANOVA statistics. For all analyses, a significance level of α=.05 was used.

Sato et al.’s (2010) study suggested that applying ItemResponse Theory (IRT)mod-
els for estimating the students’ achievement scores, compared to using the sum
scores or the percentage correct, is more suitable to detect the effects of the academic
language levels LL1–LL3. Moreover, for analysing themoderator effects between the
personal characteristics (e. g. reading proficiency) and the item attributes (e.  g. level
of academic features LL1–LL3), explanatory item response models (EIRMs) seemed
(Meulders and Xie 2013) adequate and sensitive (De Boeck and Wilson 2013). The
EIRM is an approach to cognitive assessment in which explanatory measurements
are employed utilising item and person covariates to explain what is being mea-
sured, thus adding an explanatory value to the measurements (De Boeck et al.
2016). Thus, for the third research question, we employed the EIRMs that provide a
framework for modelling the item responses directly as a function of the item or
personal predictors, or a combination of both (De Boeck and Wilson 2013). This
makes them especially suitable for the present analysis, as we expected the item
responses to depend on an interaction between the items’ linguistic characteristics
and the students’ general language proficiency. In our case, the item responses were
binary and we modelled the students’ propensity to answer the items correctly,
which were the logarithmised odds of a correct answer (e. g., De Boeck and Wilson,
2013). The models were specified as hierarchical Generalised Linear Mixed Models,
with item responses nested bothwithin students and items (e. g., De Boeck et al.,2011).

The modification status of the reality-based tasks and the student characteris-
tics (general language proficiency) as well as their interactions were defined as
fixed effects. The interaction effects of the general language proficiency (student
characteristic) with the linguistic task level (item characteristic) demonstrated dif-
ferences in the effect of levels of academic language features that are related to the
students’ general language proficiency (Beretvas et al. 2012; Meulders and Xie 2004).
The models were estimated using the lmer function of the lme4 package in R (Bates
et al. 2012).

4 Results

Research Question 1 asked whether it was feasible to assume general language com-
prehension difficulties in regular 7–10 graders that could potentially hinder suc-
cessful processing of mathematical modelling problems.
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On average, the students in our sample solved 56 % of the reading comprehen-
sion items correctly. The ability to answer the comprehension items rose signifi-
cantly with age, and, accordingly, with school grade: While the 13-year-olds solved
on average only 51 % correctly (7th grade: 50 %), the percentage rose successively
with age, peaking with the 17-year-olds at 70 % on average (10th grade: 71 %), but
with a drop to 50 % in the 18-year-olds (a group of only four individuals and an age
group not normally found in grade 10). We can thus conclude that there is indeed a
considerable number of secondary students who experience difficulties to solve text
comprehension items on mathematically important text parts, more so in the
younger than in the older secondary students. The systematic increase in correct
solution rate from 50 % in grade 7 to 70 % in grade 10 demonstrates that the test
instrument we used was overall not too difficult and could capture the range of
comprehension abilities in the sample adequately.

To answer Research Question 2, the data were analysed to see whether compre-
hension difficulties vary systematically across the different text versions LL1, LL2
and LL3. We see a systematic increase of difficulty from texts with fewer features of
academic German to those with more such features. This shows that constructions
typically associated with academic German can be regarded as difficulty-inducing,
and that the model we used for systematic variation delivers consistent results. As
Figure 5 shows, it can be concluded that there is indeed an effect of the different
amounts of academic language features on text comprehension. Overall, there is a
systematic decrease in solution rate from 57 % for LL1, 56 % for LL2 and 53 % for
LL3. These differences were statistically significant (F=14.147, p<0.01). Interestingly,
the percentage difference between the three text versions is rather small, and even
in the LL1 texts, the students in the sample solved only 57 % of the items correctly.

Figure 5: Percent correctly solved reading comprehension items per language level LL1, LL2 and LL3 and
age

242 Lena Heine, Timo Ehmke and Dominik Leiss MOUTON



Research question 3 asked which student characteristics mediate or moderate pos-
sible effects of comprehension difficulties.

Plausibly, general language proficiency was a strong positive correlate for the
ability to solve the comprehension items: The student quartile with lowest general
language proficiency solved 43 %, while the quartile with the highest general lan-
guage proficiency solved 70 %. Mathematics proficiency also moderated the perfor-
mance (lowest quartile in mathematics test: 47 % vs. highest quartile 64 %), as well
as books at home (0–10 books: 46 % vs. 201–500 books: 58 %).

Student variables originally elicited for sample characterization (gender, lan-
guage at home) were also analysed. The students who use another language than
German at home performed significantly poorer than the students who speak only
German (German: 57 % vs. other language: 50 %). A simple comparison between the
test scores of boys and girls revealed no statistically significant differences in read-
ing comprehension task performance between males and females in our sample. In
order to see whether these results remain stable when all other variables are con-
trolled for and to estimate fixed and random effects of the individual variables, we
evaluated four models applying a generalized linear mixed model analysis (GLMM,
Table 2). Model 1 analyses the prediction of reading comprehension by students’
characteristics only.

Table 2: Prediction of students’ reading comprehension by student characteristics and three levels of
academic language features (LL1, LL2, LL3) in task texts, including interaction effects

  Model 1 Model 2 Model 3 Model 4

β SE β SE β SE β SE

Fixed effects                

Intercept 0,03 0,10 0.29*** 0,10 0,12 0,11 0,17 0,11

Student characteristics  

Gender – female
(Reference group)

               

Gender – male 0.26*** 0,07     0.26*** 0,07 0.19* 0,09

Gender – other 0,21 0,19     0,22 0,19 -0,02 0,24

Language at Home
(0 = German, 1 = 

other than German)

-0,02 0,12     -0,01 0,12 -0,10 0,14

Grade Level 0.17*** 0,04     0.18*** 0,04 0.15** 0,05

Language proficiency 0.32*** 0,04     0.32*** 0,04 0.31*** 0,05

Mathematics proficiency 0.18*** 0,04   0.18*** 0,04 0.19*** 0,05

Books at home 0,04 0,04   0,04 0,04 0,04 0,04
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  Model 1 Model 2 Model 3 Model 4

β SE β SE β SE β SE

Reading items language
demands

 

LL1 (Reference Group)  

LL2     -0.08* 0,04 -0.08* 0,04 -0,09 0,06

LL3     -0.19*** 0,04 -0.19*** 0,04 -0.33*** 0,06

Moderator effects

Gender – male x LL2             -0,03 0,08

Gender – other x LL2             0,34 0,22

Grade Level x LL2             0,15 0,12

Language at Home x LL2             0,03 0,04

Language proficiency x LL2             0,02 0,05

Mathematics proficiency x LL2             0,01 0,04

Gender – male x LL3             0.25** 0,08

Gender – other x LL3             0,32 0,22

Grade Level x LL3             0,11 0,12

Language at Home x LL3             0,03 0,05

Language proficiency x LL3             0,02 0,05

Mathematics proficiency x LL3             -0,05 0,04

Random Effects  

τ00 0.36id / 0.20task_id 0.66id / 0.19task_id 0.36id / 0.20task_id 0.36id / 0.20task_id

N 20379responses 20379responses 20379responses 20379responses

  364id / 25task_id 364id / 25task_id 364id / 25task_id 364id / 25task_id

Model statistics  

Deviance 25143.1 25303.4 25143.0 25095.7

AIC 25163.1 25313.4 25119.0 25143.7

Note. For the analyses, all metric variables were z-standardized. *p<0.05 **p<0.01 ***p<0.001

Grade level and general language and mathematics proficiency stay strong and sta-
tistically significant predictors of students’ reading comprehension in the GLMM
analysis: With an increase in these characteristics, the students’ reading compre-
hension increases as well. The GLMM analysis reveals that language use at home
loses significance when all other variables are controlled for. An unexpected result
is the positive coefficient for male students, which indicates that male students

Table 2: (continued)
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show higher reading comprehension than female students if we control for differ-
ences in all other student characteristics.

Model 2 replicates the results from research question 2 above. The coefficients
for the levels of academic language in the task texts (Intercept = LL1, LL2, LL3) are
statistically significant, which indicates that with increasing number of academic
language features (S2, S3) the probability to solve the reading comprehension items
decreases.

Model 3 integrates students characteristics and levels of academic language
into one single analysis. Comparing the coefficients of model 1 and 2 with the coeffi-
cients from model 3 we can observe that none of the coefficients diverts signifi-
cantly, which indicates that none of the student characteristics (e.  g. language profi-
ciency) mediates the effect of linguistic level. Even though the level of academic
language features is controlled, gender, grade level and the general proficiencies in
language and mathematics remain strong and statistically significant predictors of
the students’ reading comprehension.

Model 4 tests for all possible moderation effects by including interactions terms
between student characteristics and levels of academic language features. The re-
sults of the model reveal a positive and statistically significant interaction effect for
male students and high levels of academic language features (Gender male x LL3).
This indicates that male students are especially successful in solving reading com-
prehension items compared to female students and under control of all other stu-
dent characteristics.

5 Discussion and Conclusion

This study set out to investigate whether academic language features in mathema-
tical modelling tasks cause comprehension problems for secondary students,
whether such comprehension problems rise with more such language features, and
whether some student groups are more affected than others. It was motivated by
the lack of conclusive research in the area. The main findings were that for our
sample of secondary students in Germany, a), considerable numbers of students
did in fact experience text comprehension difficulties of mathematically relevant
information in mathematical modeling tasks; b), a systematic increase of academic
language features in the task texts increased comprehension difficulty even when
students characteristics were controlled for; c) higher grade level, mathematical
and general language competence, and male gender, predicted the ability to solve
the comprehension items strongly; and d) number of books at home and language
use at home did not moderate text comprehension after control of all other vari-
ables.
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So, for our sample of general secondary students in Germany, a previously un-
der-researched group, we can thus confirm that academic language features do in-
deed cause an increase in comprehension difficulties. Interestingly, in contrast to
expectations from teachers (Ehmke et al. under review) and students (Hackemann
et al. 2022) who rated texts manipulated with the same or a similar variation model
(Heine et al. 2018) used in the present study, these effects are comparatively small.
Since even in the LL1 texts with very few academic language features, the students
in the sample solved only 57 % of the items correctly, so the major part of compre-
hension difficulties could thus not be caused by the academic features we intro-
duced into the different text versions. However, because the increase in difficulty
across levels of academic language characteristics remained stable even after con-
trolling for other variables, and because language plays a central role in all school
activities, we can hypothesize that cumulative effects may play an important role.
Even small comprehension difficulties might accumulate to larger disadvantages
over the years. Investigating this empirically is tricky; but longitudinal accounts of
learner development could shed light on this and also qualitative study designs
could be useful here.

Our data support findings by Abedi and Lord (2010); Martiniello (2009), and
Jorgensen (2011) who also found evidence for academic language structures to cause
lower mathematical task performance, and Prediger et al. (2013), who confirmed
this tendency for German as a target language. Our study is particularly rigid in the
construction principles of the mathematical task texts, and because care was taken
not to alter the underlying conceptual content, it is possible to provide a valid mea-
sure of the effect of linguistic variation without confounding them with content
aspects. However, the data do not allow us to distinguish whether the cause of gen-
eral difficulties in reading comprehension is a lack of basic vocabulary and/or syn-
tactic knowledge, or problems with concentrating and translating word and sen-
tence meanings into a coherent mental model. In addition, for reasons of ecological
validity, several academic language structures were manipulated at the same time.
Therefore, we cannot determine which effect is caused by which linguistic patterns.
Studies are therefore needed to disentangle these aspects with more detailed mea-
sures of grammatical competence, working memory, concentration, comprehension
effects of individual academic language features, such as comprehension of pas-
sives, complex nominal phrases, or other typical academic sentence patterns, espe-
cially with respect to the secondary school group.

Our study suggests that academic language features may hinder learning in the
subject: Because comprehension tasks were used that targeted mathematical mod-
eling, we can assume that students with comprehension difficulties would also
show a poorer mathematical performance. Whether text features do actually lead
to lower mathematical performance, however, cannot be answered with the pre-
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sent study, because this would require measurements not only of text comprehen-
sion but also of mathematical task solving. Also, because we used mathematical task
texts from the same cognitive process domains of mathematical functions, we do
not know if the linguistically induced difficulty of task texts is a stable feature or if
it interacts with the mathematical domain of the texts. This interrelation will be
investigated more systematically in a follow-up study within the VAMPS project.

Because home use of a heritage language did not predict poorer comprehension
in our data, our study supports theories of heritage language and multilingualism
research that do not assume that multilingual students per se are less proficient
than monolingual students in the dominant language of society (e. g., Montrul 2008;
De Houwer 2018). This is relevant because research in the area of school achieve-
ment still tends –which we believe is problematic – to viewmultilingual students as
a problem group with particular obstacles. Our research contributes to making it
increasingly clear that multilingualism and heritage language use are not particu-
larly relevant variables in the context of school achievement and should not be
viewed as inherently problematic.

A rather surprising finding from our GLMM analysis was that male gender was
a strong predictor of high reading comprehension when all other student character-
istics were controlled for. This contrasts findings on students’ reading performance,
where females frequently outperform males (e. g., OECD 2019). Our results could
suggest that the mathematical embeddedness of our tasks favors boys over girls and
that reading comprehension for mathematical modeling may be a different con-
struct than general reading comprehension. The GLMM analysis also revealed that
the number of books in the home, an otherwise very reliable predictor of general
language proficiency and school achievement, had no predictive power for compre-
hension of solving mathematical problems in our sample. This indicates that aca-
demic language, contrary to general language competence, might be a general diffi-
culty-inducing feature which affects all secondary students, not only students from
lower educational backgrounds. This is in line with the finding that while academic
features increase the level of difficulty, even texts with very simple linguistic struc-
tures cause problems for many students in comprehension for mathematical task
solution, even as late as grade 10. The increase in the level of competence with in-
creasing age and grade level indicates that the general competence to comprehend
texts develops considerably in secondary school.

To conclude, our findings provide an indication of the normal range of linguis-
tic diversity in general education classrooms that needs to be recognized and ad-
dressed pedagogically without pathologizing this heterogeneity. They confirm once
more how instrumental text comprehension ability is in mathematics, and that gen-
eral students’ effortless text comprehension cannot be taken for granted but is de-
veloping considerably in secondary school. As the data show that not all students
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master these skills on their own, systematic academic language development, but
also basic text competence training should be an integral part of schooling in all
subjects.
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