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Abstract. Students’ mathematical difficulties are often connected to language factors, as various empirical studies from different
disciplinary perspectives have shown. In this article, we discuss the language dimension from different perspectives and with respect
to different groups of students. In Section 1, differences between everyday and academic language on word, sentence and text /
discourse level, and their implications for mathematics learning processes are discussed. On this base, we describe how language
factors affect the achievement of specific groups of students: second language learners, students with learning disabilities in mathe-
matics and reading, and students with specific language impairment. In Section 2, important language dimensions for the mathematics
learning focusing on the use of language as a learning medium and discourse practices are presented. Section 3 outlines some in-
structional approaches and explains why those instructional approaches seem to be most effective for supporting mathematics learn-
ing which provide learning opportunities especially for the mathematically most relevant discourse practices: explaining meanings
of mathematical concepts and operations and for describing general pattern.

In this article, we briefly (1) report on theoretical backgrounds and empirical studies showing strong connec-
tions between language factors and mathematics achievement (as a result of learning), (2) explain in which
way language is relevant in the processes of learning, and (3) present instructional approaches for enhancing
students’ language proficiency for supporting the learning of mathematics.

1. Language factors on different levels and their connection to mathematics achievement

Many empirical studies have shown that students’ mathematical difficulties are often tightly connected to
social factors and language factors (Secada, 1992), where also the social factors often trace back to language
factors: “It is now well accepted that the chief cause of the achievement gap between socio-economic groups
is a language gap.” (Hirsch, 2003, p. 22). But what exactly does /anguage mean in these contexts? Whereas
Hirsch mainly refers to reading difficulties, other studies show language factors on word, sentence and text /
discourse level, and all of them can contribute to mathematical difficulties.

1.1 Differences between everyday and academic language
on word, sentence and text / discourse level

Language gaps concern not only multilingual learners, but also monolinguals who are fluent in the everyday
language. This phenomenon can be explained by the difference between everyday language and academic
language, which goes back to Cummins’ (2000) distinction between Basic Interpersonal Communication
Skills (BICS) and Cognitive Academic Language Proficiency (CALP). Whereas students from socially priv-
ileged families acquire CALP in their families, socially underprivileged or immigrant students sometimes
have less access to it, although it corresponds to a crucial register (Halliday, 1974) in the context of schooling
— in textbooks, exams, and learning tasks (Schleppegrell, 2004).



Table.1. Typical features of the school academic and technical register (compared to eve-

ryday register)

Word level (lexical features)

e less familiar words with distinct meanings
e more complex word structures, nominalizations
e relevance of other types of words (e.g. prepositions)

Sentence level (syntactical and morphological features)

e more complex syntactical structures like prepositional phrases, more complex
subordinate clauses

e impersonal constructions like passive voice construction
e more subtle and precise use of morphological distinctions and connectives

Text level

e specific text genres which are not used in the everyday practices (e.g.
protocol, report, interpretation)

e more explicit and more complex markers of cohesion and coherence

Discourse level
e specific discourse practices (e.g. explaining-why, arguing, ....) with
different norms of explicitness than in everyday practices

e more abstract and more general talk
[ ]

Researchers in education and linguistics have characterized the specificities of the school academic lan-
guage similar to the technical languages of different scientific disciplines (Schleppegrell, 2004; Bailey, 2007;
Snow & Ucelli, 2009; Jorgensen, 2011). Table 1 summarizes typical features on the word, sentence, and text
level (referring to written texts) as well as the discourse level (referring to oral discourse practices and their
structures beyond the sentence level, see Section 2 for more details on the discourse level).

The school academic register as well as the technical register of each subject has its own characteristics
and challenges. Morgan, Craig, Schiitte, and Wagner (2014, p. 845) emphasize that “language has a special
role in relation to mathematics because the entities of mathematics are not accessible materially”. Therefore,
communication about mathematics requires symbols, drawings, and mathematical language and demands a
high precision and abstractness, which are characterizing features of the academic language.

1.2. Disentangling language obstacles on word, sentence, text, and discourse levels and their connec-
tion to mathematics achievements

Different research groups have developed different approaches to disentangle language factors and their con-
nection to mathematics achievement: whereas some researchers exclusively refer to tests and differences on
the item level (for all students or for those with mathematical learning difficulties), other researchers (mainly
mathematics education researchers and linguists) also investigate the learning processes themselves (see Sec-
tion 2).



1.2.1 Obstacles on the word level

Linguistic structure of number words. Among young children, the linguistic structure of the number words
has an influence on their acquisition of numbers. In a study of Miura, Okamoto, Kim, Steere, and Fayol
(2003), first graders from Asian countries who spoke languages which are organized so that numerals are
congruent with the base ten number system had higher counting competences and a better understanding of
the base ten number system than children from countries with less congruent number words (e.g. France,
Sweden). Moser Opitz, Ruggerio, and Wiiest (2010) found similar results for Turkish speaking kindergarten
children (a language with number words congruent with the base number system) who had a higher counting
competence than Italian and Albanian speaking children. In many languages (e.g. Arabic, Czech, Danish,
Dutch, German) pupils especially struggle with the challenge of inversion by transcoding Arabic numbers
from and into number words (e.g., Zuber, Pixner, Moeller, & Nuerk, 2009). In the inversion property, the
order of basic lexical elements in their syntactical organization is inverted in symbolic and verbal notation
(e.g. in German, the number word for 32 is “zweiunddreissig” [two and thirty], Zuber et al., 2009). Klein et
al. (2013, p. 4f) conclude that the numerical development is moderated by language, especially with regard
to two digits numbers. Therefore, it seems to be important to explicitly discuss the irregularity of number
words in the respective languages when working with young children.

Mathematical vocabulary. Different categorisations of mathematical vocabulary are possible, also de-
pending on the linguistic feature of a specific language. Riccomini, Smith, Hughes, and Fries (2015, p. 238)
distinguish (for English) the following categories: “(a) meanings are context dependent (e.g., foot as in 12
inches vs. the foot of the bed), (b) mathematical meanings are more precise (e.g., product as the solution to
a multiplication problem vs. the product of a company), (c) terms specific to mathematical contexts (e.g.,
polygon, parallelogram, imaginary number), (d) multiple meanings (e.g., side of a triangle vs. side of a cube),
(e) discipline-specific technical meanings (e.g., cone as in the shape vs. cone as in what one eats), (f) homo-
nyms with everyday words (e.g., pi vs. pie), (g) related but different words (e.g., circumference vs. perime-
ter), (h) specific challenges with translated words (e.g., mesa vs. table), (i) irregularities in spelling (e.g.,
obelus [+] vs. obeli), (j) concepts may be verbalized in more than one way (e.g., 15 minutes past vs. quarter
after), and (k) students and teachers adopt informal terms instead of mathematical terms (e.g., diamond vs.
rhombus)”.

Studies give evidence that such kind of lexical features can affect mathematics achievement. Haag, Heppt,
Roppelt, and Stanat (2015) showed that increasing the difficulties of lexical features (e.g. more general and
specialized academic vocabulary) in test items increases the item difficulties. Schindler, Moser Opitz, Ca-
donou-Bieler, and Ritterfeld (forthcoming) found a significant correlation between students’ mathematical
vocabulary and arithmetical competence in a sample of fifth graders. With regard to different categories of
mathematical vocabulary, the findings are inconsistent: Schindler et al. (forthcoming) report that mathemat-
ical terms which have different meanings in the everyday language and the academic language (e.g. differ-
ence, product) and terms which are used in both languages with the same meaning (e.g. square, rectangle)
seem to be especially difficult for fifth graders. In contrast, this does not seem to apply for tenth graders who
seem to master polysemy without problems (Prediger, Wilhelm, Biichter, Giirsoy, & Benholz, 2018).

1.2.2 Obstacles on the sentence and text level

On sentence and text level, several factors have an impact on mathematics learning. Reading difficulties on
the sentence and text level have often been shown to influence the students’ test achievement results (Abedi
& Lord, 2001; Hirsch, 2003).

Syntactical complexities on the sentence level have to be taken into account for test and learning situa-
tions: Complex prepositional clauses (Jorgensen, 2011), conditional clauses, the use of nominalization (e.g.
double — doubling; Schleppegrell, 2004) and complex issues of cohesion on the sentence and the text level.
In addition, text length and the number of noun phrases can appear as significant predictors for low



achievement in mathematics for third graders (Haag et al., 2015), but not necessarily for tenth graders (Pre-
diger et al., 2018).

However, it is important to realize that especially students with low language proficiency do not only
encounter reading obstacles: A differential functioning analysis on a high stakes test in Grade 10 has shown
that all items with which students with low language proficiency had specific difficulties were items with
high conceptual demands, not high reading demands (Prediger et al., 2018). Haag et al. (2015) investigated
if the linguistic simplification of test items affects the mathematical performance of second language learners.
They found only a small effect with limited practical relevance. These results hint to difficulties in the learn-
ing processes rather than only test biases (see Section 2).

1.3. Language factors in the achievement of specific groups

1.3.1 Second language learners

Since more than 25 years, research shows that language minority students often obtain lower test scores in
mathematics than native speakers (Secada, 1992; Abedi & Lord, 2001; Haag, Heppt, Stanat, Kuhl, & Pant,
2013). They are often disadvantaged in school if their first language does not correspond to the language of
instruction (Schleppegrell, 2004; Barwell, 2009). Whereas some researchers have investigated the language
gaps between the students’ home language and the language of instruction in more cognitive terms, e.g.
problem of interferences between both languages for expressing number names (Krinzinger et al., 2011),
other researchers have focused on cultural aspects and issues of identity and agency which apparently under-
privilege language minority students more than the pure cognitive and communicative aspects (Norén, 2015;
see Barwell et al., 2016, for an overview). That is why many researchers plead for avoiding deficit perspec-
tives on multilingual students (see Moschkovich, 2010; Barwell, 2009).

Additionally, it is important to note very explicitly that the risk factor of second language learners is not
their multilingualism itself, because multilingualism can also provide cognitive benefits (e.g. shown by Cum-
mins, 2000; Kempert, Saalbach, & Hardy, 2011, see Barwell et al, 2016 for an overview). In contrast, the
major risk factor seems to be the proficiency in the language of instruction: Paetsch, Felbrich, and Stanat
(2015) found a significant relationship between reading comprehension, vocabulary, and mathematics
achievement of second language learners (similarly Abedi & Lord, 2001). Also in a survey of tenth graders,
the language proficiency was the factor with the strongest statistical connection to the mathematics achieve-
ment, stronger than multilingualism, immigrant status or socio-economic status (Prediger et al., 2018). That
is why we agree to Moschkovich who claims that “studies should focus less on comparisons to monolinguals
and report not only differences between monolinguals and bilinguals but also similarities” (Moschkovich,
2010, p. 11).

However, second language learners should not only be regarded as emergent language learners in the
language of instruction. Their home language can be a resource which — if activated appropriately — allows
a second access to mathematics (Planas, 2014; see Section 3.5).

1.3.2 Students with learning disabilities in mathematics and reading

Even if problems with learning mathematics are widely known, researchers have not yet been able to agree
on a single definition (e.g., Gunn & Wyatt-Smith, 2011; Scherer, Beswick, Deblois, Healy, & Moser Opitz,
2016). In addition, different terms (learning disabilities, learning disorders) are used to describe the affected
students, and different diagnostic approaches may lead to different results (Branum-Martin, Fletcher &
Stuebing, 2012). Without discussing this issue here, and also without discussing genetic factors (e.g. Petrill
et al., 2012) or neurobiological underpinnings (e.g. Ahskenazi, Black, Abrams, Hoeft & Menon, 2013) we
use the term “learning disabilities” for referring to students with significant and long lasting learning



problems. For many years it was assumed that such problems in learning mathematics and reading are iso-
lated impairments, and even nowadays, the ICD-10 manual defines comorbid learning disorders in mathe-
matics and reading as a “poorly defined residual category” (Deutsches Institut fiir Medizinische Dokumen-
tation und Information, 2015).

This often led to the consequence that affected students had access to support either in mathematics or in
reading. However, empirical evidence shows that significant problems with reading and of mathematics often
co-occur (Dirks, Spyer, van Lieshout, & de Sonneville, 2008). According to Mann Koepke and Miller (2013),
17% to 66% of pupils with learning disabilities in mathematics also have reading disabilities. The research
from Willcutt et al. (2013) gives evidence that significant problems with reading and mathematics are dis-
tinct, but related disorders that often co-occur because of shared neuropsychological weaknesses in working
memory, processing speed, and verbal comprehension. Moll, G6bel, Gooch, Landerl, and Snowling (2016)
found only verbal memory as a shared risk factor of pupils with reading and mathematics disorders and
divergent other factors for reading impairment (slow verbal processing speed) and mathematics impairment
(limitations in temporal processing, verbal and visuospatial memory). Fuchs, Geary, Fuchs, Compton and
Hamlett (2016) conclude that pathway to calculation and word-reading outcomes are more different that
alike.

These findings have important implications: First, it has to be acknowledged that a considerable part of
students meets substantial problems in both domains, reading or math, and therefore need special support.
Second, it has to be considered that the different cognitive profiles of students require interventions tailored
to the special needs of the affected students.

1.3.3 Students with specific language impairment and their mathematics learning

The relationship between specific language impairment (SLI) and mathematics development is only scarcely
investigated. The few results, which are available, show that students with SLI have lower mathematical
achievement in some areas, compared with other students. According to Fazio (1996, 1999), children with
language impairment do understand the process of counting objects and the cardinality principle. However,
the have difficulties acquiring the number sequences correctly. Other authors (Donlan, 2003; 2015; Donlan,
Cowan, Newton & Lloyd, 2007) report difficulties of SLI-students in the production of number words, in
calculation and understanding place value. In a study of Ritterfeld et al. (2013), students which attended a
special school for children with SLI and followed the normal curriculum, had a lower achievement in mental
calculation than students in regular classrooms. However, they did not use more problematic counting strat-
egies than pupils without SLI. Alt, Arizmendi and Beal (2014) discuss multiple possible problem sources for
the aforementioned difficulties of pupils with SLI: The manipulation of mathematical symbols, the use of
working memory for patterns, and the combination of complex linguistic syntax plus mathematical symbols.
Durking, Mok and Conti-Ramsden (2015) investigated the relationship of language factors and 1Q in the core
subjects language, science and mathematics in a sample of students with SLI. Achievement in mathematics
was predicted by 1Q, but not by language factors. Other authors (R6hm, Starke, & Ritterfeld, 2016; Nys,
Content, & Leybaert, 2013) assume that deficits in working memory — especially in the phonological loop —
influence the mathematics learning processes of students with SLI.

To sum up, SLI is risk factor for a successful mathematical development, which seems to be caused by
other factors than language. Schroder and Ritterfeld (2015) argue that that these SLI-students are in need for
qualitatively enriched interactions with their teachers for achieving a successful participation in mathematical
conversations. In this way, they promote to transcend the word and sentence level and work on the discourse
level also for the students with most serious language challenges.



2. Language dimensions in learning processes

2.1 Language as a learning medium, learning prerequisite and learning goal

Students with low language proficiency experience difficulties not only in test situations, but — more im-
portantly — in the learning situations themselves. This relates to the role of language as a learning medium in
classrooms (Lambert & Cobb, 2003; Morgan et al., 2014): Language in mathematics classrooms is at the
same time a medium of knowledge transfer and discussion (communicative role of language) and a tool for
thinking (epistemic role of language, Morek & Heller, 2012; Pimm, 1987). Research in mathematics educa-
tion repeatedly emphasizes the intertwinement of language and mathematical thinking for all students, but
especially for students still acquiring the language of instruction (e.g., Moschkovich, 2015). As not all stu-
dents have the same level of academic language proficiency, the learning medium turns into an unequally
distributed learning prerequisite. In order to compensate differential learning prerequisites more explicitly,
language must be an explicit learning goal. Lampert and Cobb (2003, p. 237) stress that ,,L.earning to com-
municate as a goal of instruction cannot be cleanly separated from communication as a means by which
students develop mathematical understanding” linking the language as a learning goal to language in its
epistemic role.

2.2 Discourse practices as a construct to capture language demands on the discourse level

Whereas the lexical and syntactical features of academic language on the word and sentence level have been
discussed in Section 1, this section focuses on the discourse level which has been shown to be crucial for the
meaningful learning of mathematics (e.g., Bailey, 2007; Moschkovich, 2015; Erath, Prediger, Heller, &
Quasthoff, submitted), especially for language learners.

Discourse is a construct frequently used in mathematics education (e.g., Bailey, 2007; Barwell, 2012;
Moschkovich, 2015; Erath et al., in press) which is tied to different linguistic theories that can be united
under the term ‘discourse analysis’. For example, Barwell (2012) refers to discursive psychology and con-
versation analysis for defining discursive demands; Moschkovich (e.g., 2015) refers to sociolinguistics in
order to conceptualize academic literacy in mathematics for English Learners; Erath et al. (in press) introduce
the theory of Interactional Discourse Analysis in order to contribute to an empirically grounded theorization
of academic language proficiency on the discourse level. Here, we refer to the definition of discourse prac-
tices from Interactional Discourse Analysis since it is compatible with other definitions used in mathematics
education. In addition, it allows to differentiate between different subcategories of discourse. Explanations,
arguments, descriptions etc. are defined by the task they solve in a speech community (e.g., a mathematics
classroom):

“oral discursive practices are defined as multi-unit turns which are interactively co-constructed, contextualized and functionally
oriented towards particular genres (Bergmann & Luckmann, 1995) such as narration, explanation or argumentation. By making use
of conventionalized genres, discourse units in their joint achievement in interaction rely on patterns available in speech communities’
knowledge to, e.g., convey or construct knowledge (explanations) or negotiate divergent validity claims (argumentation).” (Erath et
al., in press, p. 4)

In this perspective, discourse practices are patterns that can be observed repeatedly in a speech community
(e.g., Cobb, Stephan, McClain, & Gravemeijer, 2001). Specifying the relevant discourse practices hence al-
lows the researcher and designer to specify relevant language demands, on the discourse and also the word
and sentence level.

2.3 Discourse practices and discourse competence in mathematics classrooms

In mathematics classrooms, the most important discourse practices comprise (Prediger, 2016):
e reporting on procedures



e explaining the meaning of concepts and operations
e arguing about the validity of a claim
e describing patterns in a general way.

However, these most important practices appear with different frequencies in different classrooms (Erath et
al., in press) and in addition, pattern are specific for different mathematics classrooms as Erath (2017) shows
for the case of explaining. Furthermore, it can be theoretically and empirically shown that talking about
conceptual knowledge (that Hiebert, 1986 defined in contrast to procedural knowledge) is tightly linked to
the shared discourse practice of explaining in whole class discussions (Erath, 2017) and moderated small
group work (Erath, submitted).

Discourse analytic constructs allow mathematics education researchers to understand how students’ low
language proficiency is intertwined with restricted mathematical learning opportunities. In this context, learn-
ing is conceptualized as “a process of enculturation into mathematical practices, including discursive prac-
tices (e.g., ways of explaining, proving, or defining mathematical concepts)” (Barwell, 2014, p. 332; Vygot-
sky, 1978). When learning mathematics is linked to participation in classroom interaction, this specifically
explains limits in acquiring conceptual knowledge in discourse practices like describing general pattern or
explaining meanings of concepts (e.g., Moschkovich, 2015; Erath et al., in press): Empirical studies on whole
class discussions and moderated small group work (e.g., Erath, submitted; Erath et al., in press; Barwell,
2012) show that students with low language proficiency rarely participate in the conceptually interesting
moments of discourses, often due to missing linguistic resources on the discourse level.

In Interactional Discourse Analysis, these resources are specified by the concept of discourse competence
which distinguishes three facets (Quasthoff, 2011):

o  Contextualization competence refers to a student’s ability to recognize if for example a question requires
an answer with a half a sentence or a longer utterance (i.e. a discourse unit). For a discourse unit, a student
needs to recognize if a narration, an explanation or an argument is required.

o Textualization competence refers to a student’s ability to structure the discourse unit according to the
different requirements of explanations, arguments etc. In the case of explanations in mathematics class-
rooms, this for example involves state the procedure of an algorithm stepwise.

e Marking competence refers to a student’s ability to use language means that make the chosen discourse
practice and the related textualization recognizable for the public. Language means for argumentations
are for example ‘because’ or ‘for this reason’.

These three subcompetences are required by students for participating in discourse practices in mathematics
education (further potential mathematical challenges are not explicated here): They need to “recognize con-
textually when to place which genre (e.g., to explain instead of telling narratives), master the genre’s fextu-
alization patterns (e.g. explicating general procedures step-by-step) and use a genre-specific lexical and
grammatical repertoire for marking the genre (e.g. ‘that’s why’, ‘consequently’ for explaining-how).” (Erath
et al., in press, p. 5).



2.4 General and topic-specific lexical means for different mathematical discourse practices

Beyond the general discourse competence and language means for generally marking a specific discourse
practices, topic-specific language means are required for each mathematical topic. We illustrate the differ-
ences for the case of a whole class discussion on flexible subtraction strategies (Grade 3-5) in which a student,
Kevin, has suggested to calculate 12 — 5 by the auxiliary task 15 — 5 — 3: “If this were 15, then it would be
10, and then make 3 less”. As his ideas are not immediately understandable to the whole class, the teacher
asks to explain Kevin’s ideas (Prediger 2016). Table 1 shows three different discourse practices that might
follow and the different general and topic-specific language means required for the discourse units.

The examples in Table 1 specifically illustrate the difference between a formal, technical vocabulary
(subtracting, adding, result) and meaning-related vocabulary (giving away, borrowing, ....). A second exam-
ple can be given for percentages: the formal vocabulary comprises concepts like, rate amount, base. To enable
students to construct meanings for these concepts, it is important to engage them in the discourse practice of
explaining meanings. For explaining, topic-specific meaning-related vocabulary is required such as “the old
price”, “the new price”, “discount as a share of the new price”, etc. (Pohler & Prediger, 2015). Scaffolding
these meaning-related phrases allows students with low language proficiency to participate in these kinds of
discourse practices.

Table 2. General and topic-specific lexical means for different mathematical discourse practices —
examples for the auxiliary strategy 15 — 5 — 3 for calculating 12 — 5

Discourse practice General and topic-specific language means Concrete discourse unit
required for the discourse unit and underlying lexical means
... reporting on procedures | Topic—independent phrases: Fo|r 12-5, | calculate the auxiliary tasks
e sequential clauses (first, ... then, ...) 15-5=10.
e final clauses (in order to ...) In order to reach 15, | add 3.
Topic-specific phrases: After that | subtract 5 and then, the
e formal technical vocabulary borrowed 3. e
e  for communicating about flexible Thus, the result is 10-3=7. 1@:
strategies, also visualizations ‘2
... explain the meaning of | Topic—independent phrases: |l imagine it like this: | have 12 candies
concepts and operations ' e interpretative phrases (I imagine it like | and give 5 away. Before that, | borrow 3,
that...., this means..., this represents ...) | and | have to give them away. =5
Topic-specific phrases: 32/ 43 s
° meaning-related phrases 2
e  visualizations
... describe the general Topic—independent phrases: For every subtraction task in which the
pattern e generalizing phrases (for every, always, | first number is increased by 3, the
whenever, abstract forms) difference also increases by 3.
e functional relations (if-then-relations, If the first numbers is held constant for
the higher, the smaller...) subtraction tasks, then we have: The
Topic-specific phrases: higher the second number, the smaller
e  meaning-related phrases the difference.

3. Approaches for fostering students’ language proficiency in mathematics

As language has turned out to be an important factor for different groups of students at risk (see Section 1),
fostering students’ academic language proficiency is demanded all over the world. The Council of Europe
claims it as a major approach for achieving more equity (Thiirmann, Vollmer, & Pieper, 2010), and many
empirical studies show that it might positively influence the mathematics learning (see below). However, the
practices of fostering language (e.g., DfEE, 2000) are often criticized for being too restricted to vocabulary



training (Moschkovich, 2013) without taking into account the discourse level. In this section, we give some
examples on more enhanced instructional approaches which focus on the discourse level and embed vocab-
ulary work into this focus.

3.1 Enhancing discourse practices — qualitative output hypotheses

Given the empirical results on the discourse level (see Section 2), enhancing discourse practices like explain-
ing, arguing etc. are important instructional approaches (Moschkovich, 2015). This is in line with the princi-
ple of pushed output formulated in second language learning (Swain, 1995), according to which language
learning requires the enforcement of oral and written language production. Pushing output can be reached by
suitable tasks and activity structures, and can be accompanied by materialized scaffolds. This may include
language frames and teachers’ continuous micro-scaffolding moves during the interaction (Bakker, Smit, &
Wegerif, 2015).

Schroder and Ritterfeld (2015) emphasize the significance of enhancing discourse practices also for stu-
dents with SLI on three dimensions: the dimension of the linguistic-interactive requirements and their sup-
portive function, the didactical dimension of using materials and visualizations and the dimension of mathe-
matical knowledge resp. knowledge acquisition.

3.2 Enhancing conceptual knowledge - relating registers and representations

In mathematics education, pushed output can be successfully combined with continuous activities of relating
registers (the everyday, academic and technical register) and (symbolic, graphical, ....) representations for-
ward and backward, rather than sequencing through them once (see Fig. 1 from Prediger, Clarkson, & Bose,
2016; similar in Moschkovich, 2013).

Symbolic-algebraic representation

T Symbolic-numerical representation

T “Verbal technical Verbal technical regisir
__— register in first language - in second language Changing
" Verbal school academic Verbal school acaderji@nd
T register in first language register in second languagerelating
> registers
__—Verbal everyday Verbal everyday gd
T register in first language register in second languag ,an rePre-
B sentations
//// Graphical representation

Concrete representation
(artefact, actions etc.)

Figure 1. Design principle of relating registers and representations (Prediger et al., 2016)

These activities of translating between registers and finding coherences or differences offer very suitable,
mathematically rich opportunities for verbalizing, explaining and arguing. At the same time, they have
proven powerful for enhancing conceptual understanding, a critical point in the learning of students with low
language proficiency (see Section 1 and 2).

Empirical evidence for the efficacy of this design principle has been provided, e.g. in a control trial in
Grade 7 on an intervention designed for enhancing students’ conceptual understanding of fractions based on
this design principle (Prediger & Wessel, 2013). Qualitative analysis suggest that connecting the registers,
languages and representations might even be more productive than purely switching between them.



3.3 Specifying mathematical and language goals — the SIOP model (ibid.)

One of the most widespread approaches for supporting language learners in subject matter education stems
from the sheltered instruction observation protocol (SIOP-model, Echeverria, Vogt, & Short, 2010). The
SIOP model starts from specifying mathematical learning goals, deriving the discursive demands and then
figuring out the language objectives for realizing these discursive demands (Fig. 2). The necessary words
and phrased are offered in language frames and trained by initiating the necessary discursive practices.

Empirical evidence for the efficacy of this model has been offered in various control trials (for a summary
see Short, 2017).

Type of Language Objective

Algebra Example

Academic Vocabulary: key terms
needed to discuss, read, or write

Students will define and give examples of positive
and negative slope.

about the lesson’s topic (subject-
specitic, general academic, or word

parts) l

Teacher uses a concept definition map with class to
define slope, call attention to related words (e.g.,
increase, decrease, vertical, horizontal), and elicit real-
life examples of slope.

What it means instructionally

Language Skills and Functions: skills ~ Students will orally justify the slope of a line between
students will use in the lesson (e.g., two points.

read for main idea) or the specific

purpose for using language (e.g., to

compare, to persuade)

l Teacher demonstrates how to find slope using a
What it means instructionally geoboard and offers language frames to justify the
determination, such as “The slope is
positive/negative __ because ...”.
Students will use if-then statements to describe what
happens to a line when the slope changes.

Language Structures: grammar or
language structures in the written or
spoken discourse of the lesson

|

What it means instructionally

Teacher teaches (or reviews) how to form two types of
if-then sentences: 1) when the if clause comes first and
2) when it comes in the second half of the sentence.
Teacher points out use of present tense in the if clause
and future tense in the then clause.

Figure 2. Categories and Examples of Language Objectives in the SIOP-Model (Short, 2017, p. 4246)

3.4 Combining conceptual and lexical learning trajectories — macro scaffolding

Gibbons’ (2002) approach of macro-scaffolding suggests to combine the conceptual and lexical learning
opportunities in well-sequenced trajectories. Table 2 gives an example for a macro-scaffolding approach for
the mathematical topic of percentages: The conceptual learning trajectory is sequenced in six steps starting
from students’ resources in informal thinking to informal strategies, formal procedures and their flexible use.
Each step requires other discourse practices and different vocabularies which are sequenced in the lexical
learning trajectory. Empirical evidence has been given that this intertwinement can be effective for mathe-
matics learning (Smit, 2013; Pohler & Prediger, 2015 with quantitative evidence in Pohler, Prediger, &
Neugebauer, 2017).
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Table 3. Combining conceptual and lexical learning trajectories — macro scaffolding example for percentages
(Pohler & Prediger, 2015)

Conceptual learning trajectory: Lexical learning trajectory
Levels Mathematical conceptions through different vocabularies
Level 1: Informal thinking star- Constructing meaning for percents by Intuitive use of students’ resources in every-
ting from students’ resources  representing and estimating rates day register, no offer of new lexical means
Level 2: Informal strategies L . Establish basic meaning-related vocabulary in
. Developing informal strategies for deter- . . .
and meaning-related . the academic school register for constructing
mining rates, amounts and later bases R .
vocabulary meaning for rates, amounts, bases in context
Level 3: Procedures for Calculating amounts, rates and Introduce formal vocabulary
standard problem types later bases in the technical register
Level 4: Extending the Widening to other problem types: Enrich the basic meaning-related vocabulary
repertoire change and comparison to more complex problem types
Level 5: Identification of Identifying problem types of (non-) Explicit use and training of formal and
different problem types standard problems (in diverse contexts) basic meaning-related vocabulary
Level 6: Flexible use of Cracking more complex context prob- Introduce extended reading vocabulary
concepts and strategies lems flexibly (in non-familiar contexts) v v for various non-familiar contexts

3.5 Including home languages — activating students’ multilingual repertoires

With respect to the group of multilingual students whose home language differs from the official language
of instruction (which is the majority worldwide), another important instructional approach addresses the in-
clusion of home languages in order to activate the complete multilingual repertoire for mathematics learning.

The demand for including all multilingual resources has often been formulated, and qualitative empirical
insights have been offered for its benefits (Setati, 2005; Barwell et al., 2016), such as participating in mathe-
matical discourses activating everyday out-of-school experiences (Planas, 2014) or upgrading resources for meaning-
making processes (Clarkson, 2006; Norén, 2015) and increasing agency (Norén, 2015). However, the quantitative
evidence for its efficacy for mathematics learning is still too weak (Relji¢, Ferring, & Martin, 2015). There-
fore, further research is required for strengthening the quantitative evidence.

4 Conclusion

Language is a major learning medium used for communicative and epistemic purposes in mathematics class-

rooms. Hence, language proficiency is an important learning prerequisite without which participation in

classrooms tends to be restricted. This applies to different groups of students:

e second language learners

e students with learning disabilities in mathematics and reading

e students with specific language impairment

e and monolingual students (often of low socio-economic status) which have not yet had sufficient learning
opportunities especially for the academic language.

For all these students with limited language proficiency, language thus has to become a learning goal, also
in mathematics classrooms (Lambert & Cobb, 2003).

The language dimension is crucial for students with difficulties in mathematics not only in test situations
but particularly during the whole learning process: Students with low academic language proficiency regu-
larly meet challenges on word, sentence, text, and discourse levels.

Therefore, instructional approaches to support language learners should not isolate the word level from
the discourse level. Instructional approaches seem to become most effective for supporting mathematics
learning when they provide learning opportunities especially for the discourse practices of explaining mean-
ings of mathematical concepts and operations (Setati, 2005) and for describing general pattern. The lexical
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support of meaning-related vocabulary is therefore equally important to the formal technical vocabulary and
specifically fruitful when offered in structured phrases rather than isolated words (Moschkovich, 2013; Pre-
diger & Wessel, 2013).
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