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Abstract. Empirical evidence exists that enhancing students’ language can promote the mathematics learning of multi-
lingual students at risk, whereas other target groups (e.g., monolingual students, successful students, both with diverse
academic language proficiency) have hardly been considered. This cluster-randomized controlled trial (N = 589) inves-
tigates differential effects for these extended target groups, comparing two language-responsive interventions (with or
without vocabulary work) and a control group. The regression analysis reveals that all students significantly deepened
their conceptual understanding in both interventions. Unlike what was anticipated, multilingual students’ growth of
conceptual understanding had no significant additional benefit from integrated vocabulary work. These findings call for
promoting language-responsive mathematics instruction for all students and for using a discursive rather than a vocab-
ulary focus.
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Language diversity in mainstream mathematics classrooms has shown increasing growth as a field
of interest in mathematics education research (Barwell et al., 2016; de Araujo et al., 2018; Secada,
1992), in particular with respect to students at risk. We define students at risk as those for whom
the failure of the regular school system to provide sufficient learning opportunities has resulted in
limited access to mathematics. Two main language background factors have been identified as in-
fluencing students’ risk: (a) multilingual background and (b) academic language proficiency in the
language of instruction.

By multilingual students, we allude to all students with multiple family languages or one family
language that does not correspond to the language of instruction. Early assessment studies have
repeatedly shown that the limited access to mathematics that multilingual students often experience
is due to institutional obstacles or language barriers in the classroom, if the instruction is not respon-
sive to language (Barwell et al., 2016; Callahan, 2005; Secada, 1992).

Meanwhile, a variety of empirical studies have shown that instead of students’ multiple lan-
guages, their academic language proficiency (ALP) in the language of instruction (C. E. Snow &
Ucelli, 2009) is the key factor for barriers in mathematics learning (Paetsch et al., 2016; Prediger et
al., 2018). This means, for example, that multilingual students with a high ALP can achieve well in
mathematics (Clarkson, 2007), whereas monolingual students with low ALP can also experience
strong language barriers in mathematics learning (Prediger et al., 2018) if the instruction is not re-
sponsive to language. We further characterize ALP in the Theoretical Background section of this
article.



Following policy calls for enhancing students’ academic language (e.g., Thiirmann et al., 2010),
many qualitative classroom video studies and design research studies have documented or devel-
oped instructional approaches to enhance the language needed for mathematics learning (e.g., Bar-
well, 2020; de Araujo et al., 2018; Erath et al., 2021; Gibbons, 2002; Setati, 2005; Short, 2017). We
call these kinds of instructional approaches language-responsive approaches and characterize them
as offering rich content- and language-integrated learning opportunities.

However, the existing qualitative and quantitative research on language-responsive approaches
has still been mainly focused on multilingual students at risk (Barwell, 2020; de Araujo et al., 2018).
In this article, we intend to differentiate and extend the target group. So far, little is known about
effects of language-responsive instruction for monolingual students at risk (with high or low ALP)
and for monolingual and multilingual students with high ALP in the language of instruction. Even
less is known about effects for students with greater school success (and with varying ALP). Given
the usual diversity of language backgrounds (i.e., monolingual and multilingual students with di-
verse ALP) and mathematics performance in typical mainstream classrooms (Barwell et al., 2016),
empirical evidence is required for the effectiveness of language-responsive approaches for those
students with diverse language backgrounds and different school success. This would create a re-
search base for adjusting linguistically inclusive mathematics instruction to the needs of all students,
not only of multilingual students at risk with low ALP.

This article contributes to reducing this research gap by investigating the differential effects of a
language-responsive intervention aimed at conceptual understanding of fractions (see Prediger &
Wessel, 2013) for students with different language backgrounds and different school success. In a
cluster-randomized controlled trial with 589 students, the differential effects of two different inter-
ventions and a control group are compared: Both interventions share the language-responsive design
principles of connecting multiple representations and languages, engaging students in rich discourse
practices, and using macroscaffolding (as used in several approaches, see overview in Erath et al.,
2021), with one intervention additionally providing integrated vocabulary work.

In the first section of the article, the theoretical and empirical background of the language-re-
sponsive instructional approach is presented, showing both, the need to overcome language barriers
and the design principles of language-responsive instruction. The second section outlines the re-
search context—namely, the German-language context and the specific teaching intervention on
fractions—as well as the research design of the cluster-randomized controlled trial. The quantitative
results are reported in the third section and then discussed in the last section.

Theoretical Background and State of Research on Language in Mathematics Learning

Intertwinement of ALP and Conceptual Understanding in Mathematics

Many school systems fail to provide equitable access to mathematics for multilingual students. This
empirical finding first occurred in the 1970s (Hernandez, 1973; Secada, 1992), and persists 50 years
later, as documented for the United States (Braswell et al., 2005), for many other countries in the
Programme for International Student Assessment (PISA; Organisation for Economic Co-operation
and Development [OECD], 2007), and also for the research context of the current study, Germany
(Haag et al., 2013). Whereas early studies mainly focused on multilingual students (e.g., Stanat et
al., 2012), more recent studies have shown that monolingual students can also experience language



barriers when they have limited access to academic language outside school—for instance, those
from families with low socioeconomic status (SES; Hirsch, 2003; see also Prediger et al., 2018, for
the German context).

The construct of ALP was introduced by Cummins (1979) to distinguish students’ fluency in
everyday language from the language demands in school or academic contexts. Since then, the con-
struct has been refined by sociolinguists and second-language acquisition experts by identifying its
main characteristics in the lexical dimension (e.g., more complex and unfamiliar words), the syn-
tactical dimension (e.g., more complex sentence structures and grammar), and the discursive dimen-
sion (with more demanding discourse practices such as explaining and arguing; Bailey, 2007;
Schleppegrell, 2004; C. E. Snow & Ucelli, 2009). This applies for both the English and German
languages (Haag et al., 2013; Prediger et al., 2018).

Academic language “is used by teachers and students for the purpose of acquiring new
knowledge and skills, . . . imparting new information, describing abstract ideas, and developing
students’ conceptual understanding” (Chamot & O’Malley, 1994, p. 40). This means that it plays
the role of an important learning medium for higher order thinking skills, which explains why lan-
guage barriers are larger for conceptual understanding than for procedural skills (Prediger et al.,
2018), where conceptual understanding refers to the meanings and connections of mathematical
concepts, theorems, and procedures.

At the same time, language is an unequally distributed learning prerequisite to which some stu-
dents get more access at home than others (C. E. Snow & Uccelli, 2009). Achieving equity, there-
fore, calls not only for more learning opportunities for academic language in classrooms
(Schleppegrell, 2004) but also for increased access to rich mathematics that leads to conceptual
understanding (Callahan, 2005; Moschkovich, 2002). Thus, our focus is on the difference between
instruction through language and instruction of language in regard to the aim of providing learning
opportunities for conceptual understanding to all students by enhancing students’ language (see Er-
ath et al., 2021).

Language-related mathematics education research has confirmed these general findings on the
role of academic language as an epistemic catalyst for higher order thinking and conceptual under-
standing (Barwell, 2020; Moschkovich, 2002; Pimm, 1987). Case studies have repeatedly revealed
that the discursive dimension of academic language is more crucial for students’ meaning making
than the lexical dimension: Participation in the discourse practice of explaining meanings of math-
ematical concepts and structures, in particular, has been qualitatively identified as key for processes
of meaning construction with students at risk (Barwell, 2020; Erath et al., 2021; Moschkovich,
2015). The lexical dimension of focused vocabulary work, which has often been prioritized in cur-
riculum materials by second-language acquisition specialists, has been problematized as often being
unconnected to the mathematical core (see, e.g., the analysis of curriculum material by de Araujo &
Smith, 2021). However, still open is the empirical question of how far well-integrated vocabulary
work in the lexical dimension can support rich mathematics- and language-integrated work in the
discursive dimension.

Design Principles for Language-Responsive Mathematics Instruction

To exploit multilingual students’ resources for meaning making processes, many mathematics edu-
cation researchers have explored instructional approaches that include students’ home languages



(Barwell et al., 2016; Moschkovich, 2002; Setati, 2005). Increasingly, the emphasis has shifted from
focusing on the interplay of state languages (e.g., English and Spanish) to connecting students’
complete language repertoire of different registers (everyday language, academic language, and
technical language) along with multimodal sources (such as graphical or symbolic representations,
gestures, and others; Barwell, 2020) for discursive purposes in mathematics learning. This shift also
allows language-responsive approaches to be available to monolingual students with low ALP and
facilitates the exploration of their benefit for all students.

Adapting the term “linguistically responsive teaching” from Lucas et al. (2008) to mathematics
education and also to the needs of monolingual students, we have synthesized a language-responsive
instructional approach over some years (Prediger & Neugebauer, 2021; Prediger & Wessel, 2013;
Wessel & Erath, 2018). For the analysis presented here, the following four design principles are
characteristic of language-responsive instruction:

* DP1: Engage students in rich discourse practices
* DP2: Connect multiple languages and representations

* DP3: Use macroscaffolding to sequence content- and language-learning opportunities in com-
bined trajectories
* DP4: Build up an integrated shared meaning-related vocabulary before formal vocabulary

DP1: Engage Students in Rich Discourse Practices

Providing language-learning opportunities in mathematics classrooms mainly addresses the discur-
sive dimension by enhancing rich discourse practices such as explaining meanings, arguing, and
reporting procedures (Erath et al., 2018; Moschkovich, 2015). From a mathematics education per-
spective, this design principle resonates with needs for developing conceptual understanding
(Hiebert & Carpenter, 1992). From a second-language-learning perspective, it resonates with the
principle of pushed language output (Swain, 1995), according to which language learning requires
the enforcement of oral and written language production. As a consequence, curriculum documents
such as the Common Core State Standards also emphasize discursive expectations such as explain-
ing meanings or reporting procedures (National Governors Association Center for Best Practices &
Council of Chief State School Officers, 2010, p. 7). The focus on rich discourse practices substan-
tiates the principle of pushed output through the emphasis on the discursive quality of discourse
practices: Explaining meaning is discursively richer than reporting procedures (Erath et al., 2021;
Setati, 2005).

DP2: Connect Multiple Languages and Representations

In mathematics education, DP1 (pushed output and communication about meaning making) can be
successfully combined with DP2—that is, connecting different language registers (everyday, aca-
demic, and technical language) and representations (symbolic, graphical, etc.) forward and back-
ward, instead of sequencing through them once (see Figure 1 from Prediger & Wessel, 2013; similar
in Moschkovich, 2013).



Figure 1. Design Principle of Connecting Languages and Representations (Source: Prediger & Wessel, 2013, p. 438)

Symbolic-algebraic representations

— Symbolic-numerical representations

T “Technical language ~ Technical language
il in first language in second language Relating
. " Academic language Academic language languages
il in first language in second language and
- - -2 repre-
__— Everyday language Everyday language P .
T : sentations
= in first language in second language

g Graphical representations
o p p

Activities that switch among representations have proven powerful in enhancing conceptual under-
standing (Duval, 2006; Lesh, 1979). In language-responsive instruction, they are extended to incor-
porate different state languages and registers and are shifted from switching to really relating the
languages and representations: That is, students are asked to explicitly reason and articulate how the
languages and representations are exactly related (Prediger & Wessel, 2013).

DP3: Use Macroscaffolding to Sequence Content and Language-Learning Opportunities

Gibbons (2002) suggested the design principle of macroscaffolding—that is, combining subject-
matter and language-learning opportunities. The main idea of macroscaffolding is to coordinate a
content trajectory with a language trajectory.

The content trajectory supports students’ development of conceptual understanding, starting
from everyday experiences (Level 1) toward sustainable and flexible meanings for mathematical
concepts (Level 2; Gravemeijer, 1998; Hiebert & Carpenter, 1992). The trajectory starts from im-
aginable context problems that allow students to reinvent mathematical concepts. From there, the
students mentally construct their meanings in a guided process of emergent modeling until they
reach abstract mathematical concepts (Level 3) and finally schematizing into procedures (Level 4;
Gravemeijer, 1998).

In parallel, Gibbons’s (2002) language trajectory starts from students’ everyday language re-
sources (Level 1) and successively develops them toward academic language (Levels 2 and 3) and
technical language (Levels 3 and 4; similarly, Pimm, 1987). Both trajectories can be combined with
respect to the function of language on each content level (Prediger & Neugebauer, 2021): In the
discursive dimension, explaining structures and meanings is the discourse practice required for Lev-
els 1 and 2 of constructing meanings. Once abstract concepts are established (Level 3) and formal
procedures are tackled (Level 4), the main discourse practice required is reporting procedures.



DP4: Build Up an Integrated, Shared, Meaning-Related Vocabulary Before Technical Vocabulary

DP4 is usually treated as a subprinciple of DP3. However, it is separated here to allow an empirical
disentanglement of the role of the lexical in language-responsive mathematics instruction. Vocabu-
lary work, although important for academic language learning, has been shown to be efficient only
if not presented in isolated practices but functionally embedded in enacting relevant discourse prac-
tices (Gibbons, 2002; Lawrence et al., 2017).

In mathematics education, qualitative studies (see overview in Erath et al., 2021) have shown
that formal vocabulary from the technical language (“denominator” or “numerator’) is mainly used
for reporting mathematical procedures (e.g., if a student says, “I double the denominator and the
numerator to produce an equivalent fraction). For the discourse practice of explaining meanings,
the formal vocabulary is less useful than the so-called meaning-related vocabulary (“part of a
whole,” e.g., “If two fractions are equivalent, this means that they describe the same share even if
the whole is split into more pieces”). The macroscaffolding in Level 1 of DP3 works with students’
existing, partially idiosyncratic language resources for describing and explaining structures. How-
ever, Level 2 requires a shared meaning-related vocabulary that has to be established in the learners’
community so that they can participate in shared discourse practices of explaining meanings and
understanding one another’s ideas. To this shared meaning-related vocabulary, formal concepts can
later be attached (e.g., if a student were to say “The denominator tells us into how many equal pieces
we have split the whole, and the numerator gives the number of pieces we take into our part.”).

Integrated vocabulary work for building up a shared meaning-related vocabulary can be sup-
ported by lexical scaffolds; prompts to identify, collect, apply, and reflect useful phrases; and word
banks to store the vocabulary in the long run. The relevance of integrated lexical learning has often
been shown in second-language acquisition and can also be assumed for monolingual learners’ ac-
quisition of academic language (Lawrence et al., 2017, for language education; Gotze & Baiker,
2021, for mathematics). However, little is known about its particular relevance for students with
different language backgrounds in a mathematics intervention striving for conceptual understand-
ing.

Extending the Target Group of Language-Responsive Instruction

Instructional approaches for mathematics that follow the presented design principles have been in-
vestigated with respect to different target groups: Mostly, they have been documented in classroom
observation studies (Barwell, 2020; Erath et al., 2018; Moschkovich, 2002; Setati, 2005) or in design
research studies (see overviews in de Araujo et al., 2018; Erath et al., 2021) targeting students with
low ALP. Whereas many studies concentrate on multilingual students with low ALP in the language
of instruction (de Araujo et al., 2018), some studies have also focused on monolingual students with
low ALP (e.g., Prediger & Wessel, 2013; Smit & van Eerde, 2013).

Beyond these specific target groups, two recent controlled trials have revealed that students with
high ALP can also profit from language-responsive mathematics instruction: Prediger and Wessel
(2018) showed that students with different language backgrounds had comparable learning gains in
a cluster-randomized controlled trial on fractions. Prediger and Neugebauer (2021) showed in a field
study that monolingual and multilingual students with diverse ALP profited equally from a lan-
guage-responsive intervention on percentages and that students with high ALP tended to profit most
(this effect disappeared when controlling for mathematical prior knowledge and intelligence). The



finding that students with high ALP can also profit from language-responsive mathematics instruc-
tion is of high practical relevance for the larger endeavor of establishing equity in mainstream class-
rooms: These classrooms are usually shaped by language diversity—in other words, composed of
students with different language backgrounds—and need to adjust to the learning needs of all stu-
dents (Prediger & Wessel, 2018). Thus, equitable language-responsive instruction can be provided
for all language backgrounds. However, the cited research studies still have had a major limitation
because they target only students at risk (as documented in two research reviews: de Araujo et al.,
2018; Erath et al., 2021). We have not found any study about the effects of language-responsive
mathematics instruction that widens the target group to less vulnerable students who are succeeding
in their school system, here briefly called successful students (this term, as well as “students at risk,”
will be further operationalized after presenting the German school context). In the spirit of inclusive
mathematics education (Kollosche et al., 2019), for all students to profit from language-responsive
mathematics instruction would be desirable.

Summing up, the title question (“Only for multilingual students at risk?”) asks whether the target
group of language-responsive mathematics instruction can be effectively extended in three direc-
tions (see Figure 2):

1. From multilingual students with low ALP to monolingual students with low ALP
2. From students with low ALP to students with high ALP
3. From students at risk to successful students

Whereas empirical evidence supports Extension 1 (e.g., Gotze & Baiker, 2021; Smit & van Eerde,
2013) and Extension 2 (Prediger & Neugebauer, 2021; Prediger & Wessel, 2018), Extension 3 has
not yet been investigated; thus, this is the focus of the current study and the major area to which it
contributes insights beyond those in existing research.

Figure 2. Extending the Target Group From Multilinguals at Risk With Low ALP to Other Target Groups to Estab-
lish a Research Base for Linguistically Inclusive Mathematics Instruction
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Research Questions

Although the theoretical background on the epistemic role of academic language suggests that using
and reflecting language can be an epistemic catalyst for all students (Erath et al., 2021), few empir-
ical findings have demonstrated whether and how students with diverse language backgrounds and
school success can benefit from language-responsive mathematics instruction, so far. Because stu-
dents’ aptitudes in relevant background factors vary, the research program of aptitude-treatment



interaction (Cronbach & Snow, 1969) is designed to investigate how students’ different aptitudes
interact with different treatments—in other words, “to assess the degree to which alternative treat-
ments have different effects as a function of person characteristics and thus determine whether par-
ticular treatments can be chosen or adapted to fit particular persons optimally” (Snow, 1991, p. 205).

The integrated lexical focus of language-responsive mathematics instruction has been particu-
larly developed for students with limited access to academic language and multilingual students
(Gibbons, 2002; Lawrence et al., 2017), the related DP4 may be the candidate for a treatment feature
with differential effects. Therefore, this treatment feature is systematically varied in the controlled
trial: Whereas the discursive dimension of language-responsive mathematics instruction can be as-
sumed to be effective for many students, an integrated lexical focus can be assumed to be mainly
relevant for students with low ALP or multilingual students. Because an isolated lexical focus has
been refuted as ineffective (e.g., Lawrence et al., 2017; Moschkovich, 2013), we chose to compare
a discursive intervention (following DP1-3; hereafter “D”) with a lexical-discursive intervention
(following DP14; i.e., adding an integrated lexical focus; hereafter “LD”) as well as the control
group (CQG).

Therefore, the current study was conducted to work on the deduced research gap by a controlled
trial with three research questions:

RQ1l. Do students in the two language-responsive interventions (D and LD) have higher mathe-
matical learning gains than students in the CG with business as usual (when controlling for
background factors)?

RQ2. How do different background factors and treatment conditions have an impact on the learn-
ing gains in the language-responsive interventions (D and LD) for students at risk and for
successful students?

RQ3. Does the integrated lexical focus in intervention LD have an additional effect compared with
intervention D for all students or for subsamples with different school success and different
language backgrounds?



Research Design and Methods of the Cluster-Randomized Controlled Trial

To pursue the research questions, a cluster-randomized controlled trial was conducted with 589
students with different language backgrounds and different school success in the mathematical topic
of fractions. As an advance organizer, Figure 3 presents the pre—post-retention—control group de-
sign with three intervention conditions, using conceptual understanding of fractions as the depend-
ent variable.

Figure 3. Research Design of the Cluster-Randomized Controlled Trial
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Research Context of the Study

Language Context

In German classrooms, students with diverse language backgrounds have the following character-
istics (Reiss et al., 2019):

* About 2% are newly arrived immigrants who have started to learn German only recently (these
are not included in the sample of our current study).

* About 30% are multilingual students, most of them with fluent everyday German language
skills and nearly all of them with immigrant backgrounds (parents, grandparents, or great-grand-
parents born outside of Germany). Among these second- or third-generation multilingual stu-
dents, about one third has limited German ALP, so about 10% of all students are multilingual
students with low ALP. Besides German, they speak more than 145 different family languages;
students in our sample spoke 50 family languages (with Turkish, Russian, and Polish being the
most frequent).

* Among the 68% monolingual Germans, more than 10% have low ALP, meaning that about 7%
of all students are monolingual students with low ALP.



German School System Context

In the selective German tracking system, from Grade 5 (around 10 years old) onward, 40% of stu-
dents are enrolled in higher tracked schools (“Gymnasium’) and 60% in lower tracked schools.
Inequity occurs through additional social stratification effects in urban areas, so students with low
ALP are overrepresented in underprivileged, lower tracked schools, which provide limited mathe-
matical learning opportunities. These factors contribute to being at risk (shown in a U.S. research
survey by Callahan, 2005; for Germany, see Reiss et al., 2019). However, about 10% of students
with low ALP are enrolled in higher tracked schools (Reiss et al., 2019, p. 69). Little is known so
far about the mathematics learning of this resilient group of students who are successful in spite of
vulnerable language backgrounds, so they were deliberately oversampled in our study.

Curricular Context for Fractions

The controlled trial was conducted using a language-responsive mathematics intervention on frac-
tions that already had proven efficacy (Prediger & Wessel, 2013). We selected the mathematical
topic of fractions because of the well-established state of research on students’ conceptual chal-
lenges with fractions (Aksu, 1997; Behr et al., 1984) and on possible instructional approaches
(Cramer et al., 1997; Lesh, 1979; Streefland, 1991). The intervention covered the part-whole con-
struct in situations of fair shares and the bar model; order and equivalence of fractions; and fractions
as operators (e.g., 3/4 of 20). The curriculum of Grade 4 starts with preliminary work on simple
fractions such as halves, fourths, and eighths in rectangles and circles. The main introduction to
fractions as the part-whole construct and to equivalence of fractions in the bar model and other
models occurs at the beginning of Grade 6.

Three Intervention Conditions

Covered Content Aspects and Organization

The language-responsive interventions in groups D and LD for developing students’ conceptual
understanding of fractions were designed for five sessions of 90 min each (Prediger & Wessel,
2013). Figure 4 depicts the covered content aspects. The sessions were held in small groups of four
to six students and were conducted by teachers in the master’s or PhD program in mathematics
education.
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Figure 4. Content Aspects in the Fraction Interventions Covered in All Treatment Groups
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The CG received their regular fraction classes with the normal teacher, their regular textbook,
and 22 to 26 students per classroom (“business as usual”). CG teachers reported teaching the same
content aspects (Figure 4) for at least the same time span of 450 min, mostly more, following the
standard curriculum (Ministerium fiir Schule, Jugend und Kinder des Landes Nordrhein-Westfalen
[MSJK], 2004) with about seven different textbooks accredited in the state of North Rhine-West-
phalia.

Commonalities and Differences of Interventions D and LD

To study the role of the integrated lexical focus, two intervention programs were distinguished: the
discursive intervention D (using DP1-DP3) and the lexical-discursive intervention LD (using DP1—
DP4). Because vocabulary work must always be embedded in rich discursive learning opportunities
(Lawrence et al., 2017), no purely lexical version L was offered.

Figure 5 gives examples for the common realization of DP1-DP3 and differences because of the
integrative lexical focus in LD (DP4). Meaning-related vocabulary is sometimes explicitly offered
in sentence frames and sometimes collected and reflected.
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Figure 5. Differences Between Intervention D and Intervention LD in Example Tasks
(Example for Oral Prompts Added in Italics)
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Treatment Fidelity in Enactment

The teachers of D and LD were prepared in a 2-day workshop on the design principles and the
realization of the principles through tasks and teachers’ microscaffolding moves. Regular reflection
and preparation meetings in small groups between the interventions ensured quality and compara-
bility of the treatments.

Implementation control for both interventions was conducted on the level of task completion and
teacher moves. First, we administered implementation control by coding the task completion rate;
it reached more than 90% in all groups. Second, treatment fidelity was also assessed using the vid-
eorecorded interactions in all 49 small groups. To ensure that teaching in D and LD differed in the
intended ways, the videorecorded teacher moves were coded for whether they incorporated lexical
support (isolated or integrated with discursive opportunities) or did not (only mathematical or in-
cluding discursive opportunities; see Figure 6).

Figure 6. Examples for Teacher Moves Classified as Providing Only Mathematical Learning Opportunities, or Also
Discursive, Isolated Lexical, or Integrated Lexical-Discursive Learning Opportunities

Moves without lexical support Moves with lexical support
Only mathematical Discursive Isolated lexical Integrated lexical-discursive
What parts do OK, tell me: Exactly, but what What does Tarik mean by
we have? Let How did you find you called the “dividing more finely”? Explain
us compare the the part and whole is called || his ideas in your words, you can
fractions. why this way? the share, OK? also use the word bank for it.

Analysis of discussion time spent on each of these teacher moves revealed that, on average, the
groups in intervention D spent more time on discursive moves (29% in D versus 21% in LD),
whereas time spent on isolated lexical moves was similar in both groups (6% in D and 7% in LD).
The main difference occurred in the time spent on integrated lexical-discursive teacher moves: The
groups in intervention LD spent significantly more time (p < .05) on vocabulary work embedded in
discursive demands (18%) than the groups in D (4%). This means that teaching was enacted with
intended commonalities and differences, even if D also provided some lexical learning opportunities
(mainly on technical vocabulary such as “numerator”).

Instruments and Measures for Data Gathering

At three measurement time points sketched in Figure 3, several instruments were administered.

Measures of Fraction Knowledge

Students’ conceptual understanding of fractions (the dependent variable) was measured by a fraction
test (developed and standardized in a study involving 268 students and reported by Prediger & Wes-
sel, 2013). The test items covered specifying and drawing fractions in part-whole models and frac-
tional parts of sets; ordering fractions according to size and explaining order in a contextual situation
(e.g., dividing a cake) or graphical representations (fraction bar, rectangle, or circle); finding equiv-
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alent fractions with a given numerator or denominator and explaining the equivalence in a contex-
tual situation or graphical representation; analyzing “part of” situations; finding locations on the
number line; subtracting with proper and improper fractions; and solving word problems with frac-
tions as operators (the last three topics were prepared but not explicitly treated in the intervention).
The pretest, posttest, and retention test contain the same items with different numbers tested as
equally difficult in earlier studies (Prediger & Wessel, 2013, 2018). The test has a satisfactory
internal consistency of Cronbach’s a = .815 for the pretest with 25 items and a maximum score of
25 (in our initial sample of N = 1,403 students) and o = .830 for the posttest (N = 721 students).

Measure of Multilingual Background

Multilingual students are those who speak multiple family languages (or one family language that
does not correspond to the language of instruction). This factor was captured in a self-report ques-
tionnaire.

Measure of ALP in the Language of Instruction

Students’ ALP in German was measured by a C-Test, a widely used, economical, and valid measure
that uses cloze texts without explicit mathematical language. It tests both vocabulary and grammar
knowledge of elaborated language in a comprehensive way (Grotjahn et al., 2002). It has a satisfac-
tory internal consistency of Cronbach’s a =.788 (N = 1,403). The maximum number of correctly
filled gaps was 60, and the dichotomous factor low or high ALP was assigned for C-Test scores less
than or greater than 42, respectively. Language proficiency in the other home languages, of which
more than 50 were represented, could not be tested because of a lack of adequate comparable tests.

Measures of Further Background Factors

SES and general cognitive ability were included in our design as often-identified relevant predictors
of learning gains. Students’ SES (known as a relevant factor for achievement; OECD, 2007) was
measured using the book-at-home index, an economic and reliable instrument asking students how
many books they have at home with example photos (re-test reliability of » = 0.80; Paulus, 2009).
Students’ general cognitive ability, or more precisely the subconstruct of fluid intelligence, was
measured using a matrix test (BEFKI 7, adapted from Wilhelm et al., 2014). This test has a satis-
factory internal consistency of Cronbach’s a =.783 (16 items, N = 1,403). Finally, age and gender
were captured in a self-report questionnaire.

Sampling and Samples

The intervention sample was composed and randomly assigned to the groups in three steps: sam-
pling, building stratified clusters, and randomly assigning the clusters to the intervention groups.
We excluded students who recently immigrated to Germany and included only those with at least 5
years in German schools.

Step 1a. The subsample R of students at risk was identified using two characteristics: (a) being
placed in lower tracked schools and (b) showing weak conceptual understanding of fractions after
completing the regular fraction teaching unit. From the Initial Sample 1 of 54 classes of seventh
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graders (N1 = 1,124) from 12 lower tracked schools, we selected students with a fraction pretest
score of less than 15 to yield n = 323 students. The data from this subsample were already analyzed
in the project MESUT 1 by Prediger and Wessel (2018).

Step 1b. When the current project, MESUT 2, was extended to the successful students placed in 12
classes at six higher tracked schools (again with varying language backgrounds), comparable prior
knowledge of fractions needed to be ensured so that the same intervention could be applied. There-
fore, we chose an Initial Sample 2 (N2 = 279) of students before their systematic exposure to frac-
tions at the beginning of Grade 6 and also selected only students with fraction pretest scores of less
than 15 (this excluded only 13 students, instead of 801 in Initial Sample 1). In this way, the subsam-
ple S (n = 266) (a) belongs to the academically stronger 40% of students by enrollment in higher
tracked schools (who are on average also mathematically stronger) but (b) has prior knowledge of
fractions comparable to or even slightly lower than that of the students at risk.

The two samples R and S form the intervention sample R&S consisting of 589 students. Table 1
shows that because of the selection of students with fraction pretest scores of less than 15, the inter-
vention sample was weaker than the initial samples in average fraction pretest score but stronger in
ALP.

Table 1. Descriptive Data for the Full Sample and the Stratified Subsamples

R&S R- R+ S- S+
Initial Samples intervention students at risk students at risk with successful students successful students
1 and 2 sample  with low ALP high ALP with low ALP with high ALP

Variables M(SD) or percent (N=1403)  (n=589) (n=210) (n=113) (n=138) (n=128)
Fraction pretest score 9.41 (4.90) 7.37(3.78) 7.98(3.17) 10.12 (2.82) 4.86 (3.31) 6.63 (3.97)
General cognitive ability 8.10(3.52) 8.47(3.32) 7.81(2.78) 8.91 (2.60) 8.21 (3.81) 9.44 (3.85)
Academic language proficiency 36.22(9.52) 38.26(9.36) 31.44 (6.38) 4573 (3.21) 33.00 (6.66) 48.51 (4.38)
Age 1237 (1.04) 11.86 (1.18) 12.84 (0.67) 12.67 (0.65) 10.77 (0.52) 10.70 (0.48)
Multilingual background (in %) 56 57 63 42 73 42
SES: low/medium/high (in %) 31/33/37 26/31/43 39/34/28 37/27/35 16/35/49 6/25/69

Step 2. The intervention sample R&S was then stratified and formed into clusters so that each cluster
contained two or three students from the same class with similar ALP. Whereas students from the
same class were chosen for practical organization purposes, the homogeneous language back-
grounds were created for achieving comparable intervention groups: The 81 clusters in subsample
R— and the 54 clusters in S— comprised students with low ALP (with C-Test scores < 42) and the
45 clusters in R+ and 42 clusters in S+ comprised students with high ALP (with C-Test scores >
42). Table 1 shows that the successful students in S— and S+ were younger than the students at risk
in R—and R+ (who were selected in a later grade). By design, the students in S+ and R+ had a higher
ALP than those in S—and R—. As expected, the subsamples with low ALP comprised slightly more
multilingual students, but 42% of the students in both subsamples with high German ALP, R+ and
S+, were also multilingual. The unequal distribution of SES between R+/— and S+/— reflects the
inequitable school tracking system.

Step 3. After the selection from the initial samples and the stratified clustering in the four subsam-
ples (see Figure 3), the clusters were randomly assigned to the intervention groups (D, LD) and the
CG, with the randomization being conducted blindly in a spreadsheet. Two or three clusters were
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composed into small groups of five to six students, resulting in 46 small groups in intervention group
D, which was the most heterogeneous with respect to multi- and monolingual students and variety
of levels of ALP (21 groups of students at risk and 25 groups of successful students), and 46 groups
in LD (23 groups of students at risk and 23 of successful students). The clusters in the CG stayed
with their regular teachers. Table 2 shows the comparable characteristics of the three intervention
groups in all relevant control variables: F-tests revealed no significant differences among the three
groups with respect to the fraction pretest score (F(2, 586) = 1.18, p > .05), ALP (£(2, 586) = 2.33,
p > .05), or general cognitive ability (#(2, 586) = 1.5, p > .05). The F-test for age showed a signifi-
cant difference among the three groups (F(2,586) = 13.78, p <.001). Posthoc tests with adjustment
to Bonferroni-Holm revealed that CG was significantly older than D (p <.001) and LD (p <.001)
but showed no difference between D and LD (p > .05). Chi-square tests for the SES groups (}*[8] =
10.49, p > .05) and multi- versus monolingual background (¥%[2] = 3.79, p > .05) showed no signif-
icant differences. Treatment groups LD and D were also comparable with respect to the percentage
of multilingual students. The CG had slightly more multilinguals, but their ALP was not signifi-
cantly lower.

Table 2. Descriptive Data and Comparison of Learning Gains of the Three Treatment Groups

D LD CG

Discursive Lexical-Discursive Control

Intervention Intervention Group
Variable M(SD) or percent (n=193) (n=201) (n=195)
General cognitive ability 8.53 (3.52) 8.72 (3.38) 8.15(3.03)
Academic language proficiency 38.97 (9.69) 38.70 (9.20) 37.09 (9.12)
Age 11.61 (1.18) 11.77 (1.20) 12.20 (1.08)
Multilingual background (in %) 52/48 56/44 62/38
SES low / medium / high (in %) 21/32/47 25/31/43 31/30/39
Fraction pretest score 7.07 (3.96) 7.36 (3.67) 7.66 (3.68)
Fraction posttest score 12.86 (4.21) 13.28 (4.18) 9.75 (4.36)
Fraction retention test score 13.84 (4.37) 13.05 (4.17) 11.39 (3.69)

Anticipating the discussion in the Results section, Table 2 contains the descriptive data for the learn-
ing gains in all three treatment groups. Because the validity of the retention test was disturbed by
further fraction teaching in some of the classes, it was excluded from the systematic analyses.

Methods for the Statistical Analysis

To pursue the three research questions, linear regression models were calculated with R’s base pack-
age. The percentage of missing values varied from 0.3% for SES to 3.3% in the fraction pretest
score and general cognitive ability. The fraction retention test revealed a higher number of missing
values (up to 10%), a second reason to exclude the retention test. The missing values were imputed
using multiple imputation in R’s mice package (van Buuren & Groothuis-Oudshoorn, 2011).
Before conducting the regression analyses, the possibility of a multilevel structure was consid-
ered for potential class effects of the 88 small groups using R’s package Ime4 (Bates et al., 2015).
Because the intraclass correlation coefficient (ICC) was very low (0.022 from pretest to posttest and
0.030 from pretest to retention test), no significant clustering effects occurred, so including the
small-group structure as a second level in a hierarchical regression model was not necessary.
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In the regression models, b is the estimated b-weight for predicted change of the raw score in the
fraction posttest and P is a standardized estimate, which means that a f = 0.15 estimates that for one
standard deviation in a background variable score, the model estimates an increase of the posttest
score by 0.15 standard deviation. B allows a better comparison among the background factors strictly
within one regression model, whereas b allows the better comparison looking between models.

For comparing the effects of LD and D versus CG (RQ1), we tested Hypothesis 1 using a linear
regression model with all background factors:

H1. Mathematical learning gains in the language-responsive interventions LD and D are higher
than in the CG. In brief: LD & D > CG.

RQ2 is focused on comparing successful students with students at risk. Assuming that successful
students usually learn quicker, we hypothesized:

H2a. Successful students profit more from the interventions than students at risk. In brief:
LD|S > LD[R and D|S > D[R.

To test whether different background factors might be relevant for the learning gains of students
with different school success (also part of RQ2), we hypothesized:

H2b. Multilingual background and ALP are relevant predictors for learning gains for both students
at risk and successful students.

The focus of RQ3 is on the additional effects of integrated lexical focus, so we leave aside the CG
and compare the differential effects of LD and D for the whole sample (H3a) and for multilingual
students (H3b), because they are often assumed to require the additional lexical focus:

H3a. All students profit more from the lexical-discursive than from the discursive intervention. In
brief: LD > D.

H3b. Multilingual students with low ALP, both successful and at risk, profit more from the lexical-
discursive than from the discursive intervention. In brief: LDRMu— > D|RMu— and
LD|SMu— > D|SMu-.

Results of the Analysis

Efficacy of the Language-Responsive Treatments

In RQ1, we asked about the effects of the treatments on students’ conceptual understanding of frac-
tions between the fraction pretest and the posttest, for which the descriptive results are reported in
Table 2.

The descriptive statistics in Table 2 reveal that all three groups had considerable mathematical
learning gains from pretest to posttest, but the average gains, A, from pretest to posttest scores is
higher for the intervention groups L and LD than for CG. This is reflected also in the within-group
effect sizes, d, that capture the score gains of each group in standardized ways: A = 2.09 and d =
0.58 for the CG, A =5.92 and d = 1.47 for intervention LD, and A =5.79 and d = 1.32 for interven-
tion D. These differences in learning gains were significant even after controlling for the background
variables, as the regression model in Table 3 shows. Participation in the intervention groups D or
LD increased the score significantly by the standardized regression coefficients = 0.29 and 0.33,
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respectively. The bh-weights for participation in D and LD indicate that when controlling for all
relevant background factors and the pretest score, students in the discursive intervention D are esti-
mated to have had 2.76 more points on their posttest scores than those in the CG, and students in
the lexical-discursive intervention LD had 3.16 more points. Overall, Model 1 explains 43% of the
variance (adjusted R? = 0.43, p <.001).

Table 3. Linear Regression Model 1 for Fraction Posttest Score Within the Intervention Sample R&S (n = 589) With

All Background Factors
Factor b SE p B

(Intercept) 1.71 0.78 .028
SES 0.48 0.52 359 0.03
Academic language proficiency 2.74 1.02 .008 0.09
General cognitive ability 3.23 0.73 <.001 0.15
Fraction pretest 13.00 1.04 <.001 0.47
School success 1.57 0.35 <.001 0.17
Multilingual background —0.58 0.30 .055 —0.06
Participation in discursive intervention D 2.76 0.36 <.001 0.29
Participation in lexical-discursive intervention LD 3.16 0.35 <.001 0.33
R%/adj. R 0.44/0.43
F-Test Fs,s80=56.26, p <.001

Summing up, the regression model confirms the effectiveness of both interventions with high
significance (p <.001), with LD showing slightly higher effects than D (§ = 0.33 versus 0.29, b =
3.16 versus 2.76). This means that students in both language-responsive interventions, LD and D,
had highly significantly higher mathematical learning gains than those in CG, so H1 (LD & D > CG
for the whole sample) can be confirmed.

The standardized regression coefficients § show only a slight advantage of LD compared with
D, so H3a (LD > D for the whole sample) needs to be further investigated.

Comparing the Groups of Successful Students and Students at Risk

For RQ2, we hypothesized in H2a that successful students S profited more from the interventions
than students at risk R (LD|S > LDJ|R and D|S > D|R). Indeed, as Table 3 indicates, school success
S (which was operationalized as being in a higher tracked school) is a highly significant predictor
for higher posttest scores (p < .001): Even after controlling for SES, ALP, and general cognitive
ability, the estimated B is 0.17 and b-weight for school success is 1.57, so H2a is confirmed. Alt-
hough the successful students were on average 2 years younger in our sample than the students at
risk (see Table 1), their learning gains were much higher.

Furthermore, we investigated in greater depth how different background factors and treatment
conditions had an impact on the learning gains of successful students and students at risk. To study
the differential effects for different levels of school success, the next two tables present regression
models separately for subsample R (Table 4) and subsample S (Table 5).
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Table 4. Linear Regression Model 2 for Fraction Posttest Score Within Subsample R (n = 323)
With All Background Factors

Factor b SE p B
(Intercept) 3.96 0.99 <.001
SES 0.63 0.61 299 0.05
Academic language proficiency 0.97 1.37 483 0.04
General cognitive ability 3.24 1.11 <.01 0.14
Fraction pretest 11.24 1.44 <.001 0.40
Multilingual background —-0.89 0.37 .02 —0.11
Participation in discursive intervention D 2.16 0.45 <.001 0.24
Participation in lexical-discursive intervention LD 2.36 0.42 <.001 0.28
R%/adj. R 0.34/0.32
F-Test F7315=22.99, p <.001

Table 5. Linear Regression Model 3 for Fraction Posttest Score Within Subsample S (n = 266)
With All Background Factors

Factor b SE p B
(Intercept) —-0.02 1.33 987
SES —0.04 0.90 .960 —0.00
Academic language proficiency 5.51 1.52 <.001 0.17
General cognitive ability 2.67 0.98 .007 0.13
Fraction pretest 15.10 1.52 <.001 0.48
Multilingual background 0.31 0.49 530 0.03
Participation in discursive intervention D 4.05 0.59 <.001 0.39
Participation in lexical-discursive intervention LD 4.63 0.61 <.001 0.43
R%/adj. R 0.53/0.52
F-Test Fr258=42.32, p <.001

The standardized estimates for these two subsamples can be compared with those of all students.
In Model 1 for R&S (Table 3), SES cannot significantly predict the posttest score (p > .05), whereas
all other included background factors predict the students’ posttest scores. The posttest score is pre-
dicted by the fraction pretest score with a large estimate (f = 0.48, p < .001), school success (p =
0.17, p <.001), general cognitive ability (B =0.15, p <.001), and ALP (f = 0.09, p <.01), whereas
the small negative influence of being multilingual (f = —0.06) is not significant on a 5% level (p =
.055).

In Model 2 for R (Table 4), neither SES nor ALP can significantly predict the posttest score (both
p > .05), but the fraction pretest score (f = 0.40, p <.001) and general cognitive ability (B =0.14, p
<.01) can. Multilingual background had a significant negative influence (f = —0.11, p < .05). So,
H2b (which hypothesized that multilingual background and ALP were relevant predictors for learn-
ing gains) is only partially confirmed for students at risk, namely for multilingual background. When
controlling for these background factors, participation in D and LD still significantly predicts the
posttest score (with f=0.24 and f = 0.28 and p <.001, respectively). Overall, Model 2 explains 32%
of the variance within R (adjusted R? = 0.32, p <.001).

With respect to H2b, the situation is the opposite in sample S (Table 5): In Model 3, multilingual
background is not a significant factor (p > .05), whereas ALP is (B = 0.17 p <.001). The posttest
score is substantially predicted by the fraction pretest score (f = 0.48, p < .001) and by general
cognitive ability (B = 0.13, p < 0.01), but not by SES (p > .05). When controlling for these back-
ground factors, participation in D and LD again highly significantly predicts the posttest score (with
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B=0.39 and = 0.43, p <.001, respectively). Overall, Model 3 explains 52% of the variance (ad-
justed R?=0.52, p <.001).

Comparing the regression Models 2 and 3 reveals that in both subsamples R and S, intervention
LD tended to be slightly more effective than intervention D, with stronger additional score gains for
successful students S (unstandardized b-weights of 4.57 for LD versus 3.98 for D allow the better
comparison with the other model) than for students at risk R (LD =2.36 versus D =2.20). This calls
for deeper comparisons in the next subsection.

Most interesting is that within both subsamples, the relevant background factors differ: Whereas
multilingual background had an impact on the learning gains of students at risk, the learning gains
of successful monolingual and multilingual students showed no significant difference, whereas ALP
among successful students had an impact on learning gains by B = 0.16, which is higher than for
general cognitive ability (B = 0.13). Summing up, H2b (which hypothesized that multilingual back-
ground and ALP were relevant predictors for learning gains) has to be split for the two target groups:
It is confirmed for multilingual background in R and for ALP in S but rejected for multilingual
background in S and ALP in R.

Comparing Differential Effects of the Integrated Lexical Focus

In Model 1 (Table 3), both language-responsive interventions, D and LD, proved to be efficacious
compared with the CG. In RQ3, we investigate the additional effects of the integrated lexical focus
of intervention LD compared with the only discursive intervention D without integrated lexical fo-
cus, and for whom it is effective. This question requires us to leave out the CG.

Table 6. Comparing Differential Effects of the Integrated Lexical Focus for 15 Subsamples With Different School
Success and Language Backgrounds and Results of Regressions Within Each Subsample (Prediction of
Posttest Scores by Participation in LD While Controlling for Pretest Scores and General Cognitive Abilities
in Linear Regression Models)

Learning gain in Learning gain in Change in posttest score
Discursive Lexical-Discursive predicted by participation
Intervention D Intervention LD in LD instead of D
from pre- to posttest from pre- to posttest
Sample Mean score  Effect Mean Effect p B
gain A size score gain A size
d d

All students 5.79 1.32 592 1.47 > .10 0.029
Students at risk (R) 3.62 0.87 4.02 1.13 > .10 0.012
Monolinguals at risk (RMo) 4.05 1.33 4.45 1.31 >.10 0.036
With high ALP (RMo+) 3.65 1.14 4.36 1.23 > .10 0.044
With low ALP (RMo—) 4.45 1.53 4.55 1.37 > .10 0.015
Multilinguals at risk (RMu) 3.21 0.64 3.72 1.02 >.10 0.004
With high ALP (RMu+) 2.41 0.34 3.17 0.98 > .10 —0.002
With low ALP (RMu-) 3.73 1.30 3.86 1.02 > .10 —0.019
Successful students (S) 7.43 1.96 791 2.25 > .10 0.077
Successful monolingual (SMo) 6.54 2.14 8.28 2.44 <.001 0.244
With high ALP (SMo+) 7.00 2.29 8.55 2.47 <.010 0.246
With low ALP (SMo-) 5.50 1.93 7.73 2.34 > .05 0.262
Successful multilinguals (SMu) 8.22 1.95 7.58 2.09 > .10 —0.037
With high ALP (SMu+) 10.05 2.27 7.22 1.80 > .10 —0.204
With low ALP (SMu-) 7.26 1.90 7.76 2.25 > .10 0.066
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Table 6 reveals the comparisons for different subsamples in each row, and the columns list the
descriptive data for learning gains from pretest to posttest (captured by absolute differences A in
mean scores and by standardized within-group effect sizes d). The last column documents the tests
for differences.

Comparing this descriptive data in the upper block in Table 6 with the lower block reveals an
additional insight for RQ2, showing that, as expected, the learning gains were significantly higher
in subsample S than in subsample R. By far the highest learning gains occurred in the subsample of
successful multilingual students with high ALP in intervention D (with the highest score gain of
10.05 and second highest d of 2.27). None of the subsamples within R reached score gains higher
than 4.55 (and a maximal d of 1.59), and none of the subsamples within S reached a score gain less
than 5.50 (and a minimal d of 1.80).

To test whether the lexical focus revealed an additional effect in the difference of D and LD, 15
linear regression models were calculated for the 15 subsamples, all with general cognitive ability
and the fraction pretest score as background factors. The last two columns in Table 6 report the p-
value and the standardized regression coefficient 3 for participating in intervention LD instead of D
while controlling for pretest scores and general cognitive abilities in linear regression models. More
formally, the reported B is B3 out of the regression equation Y; = Bo + B1 X1 + B2 Xoi + B3 X3 + wi
where Y;ist the fraction posttest score of student 7, Po is the intercept, X7; is the fraction pretest score
of i, X2 is the general cognitive ability of i, Xj3;is the participation in LD (1 for paticipation in LD,
0 for participation in D), u; is the error, and B1, B2 and B; are the standardized regression coefficients,
within each of the 15 subsamples.

In H3a, we predicted that mathematical learning gains in intervention LD would be higher than
in intervention D for the whole sample. Although descriptively, the intragroup effect size of LD is
slightly higher (d = 1.47) than that of D (d = 1.32), the regression coefficient and p-value of the
regression model documented in the last column of the first row of Table 6 also shows that partici-
pation in LD could not predict a significantly higher posttest score (p > .10, § = 0.029).

Furthermore, we proposed in H3b that multilingual students with low ALP (both successful and
at risk) would profit more from intervention LD than from intervention D (LD|Rmu— > D|Rmu—
and LD|SMu— > D|SMu-), but the differences between D and LD were not significant for any sub-
sample of students at risk or for any subsample of multilingual students (p > .10 each), so this hy-
pothesis cannot be confirmed.

Unlike what was anticipated, successful monolingual students profited much more significantly
from LD than from D (with B =.244 versus .246 and p < .01 for SMo and SMo+), which shows that
LD|SMo > D|SMo and LD|SMo+ > D|SMo+.

Summing up, the additional effect of the integrated lexical focus in LD compared with a purely
discursive intervention D cannot be shown for the whole sample. Whereas some aptitude-treatment
interaction effects could be found for monolingual students, the lexical focus showed no significant
effect for multilingual students. Furthermore, no significant effect of the lexical focus could be
found between the school success groupings: LD|R versus D|R or LDIS versus D[S (p > .10 for all
tests, as documented in Table 6); or between the language proficiency groupings: LD|R— versus
D|R—, LD|R+ versus D|R+, LD|S— versus D|S—, LD|S+ versus D|S+ (p > .10 for all tests, not docu-
mented in Table 6).
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Discussion

Summary and Discussion of Findings

In this article, we investigated two kinds of language-responsive interventions with respect to over-
all efficacy compared with a business-as-usual CG (RQ1), differential effects for students with dif-
ferent background factors for extending the target group (RQ2), and possible additional effects of
an integrated lexical focus (RQ3).

Overall Efficacy of the Language-Responsive Interventions Confirmed

Because academic language is an unequally distributed learning prerequisite to which some students
get more access at home than others (C. E. Snow & Uccelli, 2009), language-responsive mathemat-
ics instruction should follow the design principles of engaging students in rich discourse practices
(DP1; Moschkovich, 2015; Setati, 2005), connecting multiple languages and representations (DP2;
Lesh, 1979; Moschkovich, 2013); and using macroscaffolding to sequence content and language-
learning opportunities (DP3; Gibbons, 2002; Smit & van Eerde, 2013). The existing state of quali-
tative and quantitative research on potential benefits for language-responsive instruction (de Araujo
et al., 2018; Erath et al., 2021; Moschkovich, 2013) has prompted H1, which proposed that students
in both interventions D and LD would have significantly higher learning gains from pretest to post-
test than the CG (with fraction instruction following their regular textbook). Indeed, H1 was con-
firmed by regression Models 1-3, because the participation in one of the interventions D or LD had
a significant impact on the posttest score after controlling for relevant background factors. This
means that using language-responsive instruction in linguistically diverse classrooms has been
shown to be mathematically beneficial for students. So, this first finding replicates those of many
qualitative studies (de Araujo et al., 2018; Erath et al., 2021) and contributes to the (still very lim-
ited) quantitative evidence for the efficacy of the language-responsive design principles for the par-
ticular case of conceptual understanding of fractions.

This finding must be weighted with respect to the methodological limitations in the constructed
CG, because this business-as-usual group with regular textbooks is disadvantaged with respect to
three aspects: (a) The group size disadvantages the CG, because whole-class instruction has been
shown to be less effective than small-group instruction conducted in the intervention groups (in the
meta-analysis by Hattie, 2009, the difference reaches a medium effect size on achievement); (b) the
alignment of learning opportunities with the pre- and posttests on fraction understanding is slightly
stronger for the intervention groups because of a higher proximity of the tests to the intervention
than to regular textbooks (even if the measures align to the syllabus of the state in view, MSJK,
2004, and, we assume, the usual central exams in this state); and, most relevant theoretically, (c) the
design features of conceptual focus and language-responsiveness are tightly connected in the inter-
vention group so that the effects cannot be assigned to language-responsiveness alone. Even if reg-
ular German textbooks also focus on conceptual learning and use multiple representations for frac-
tions, the comparison with this CG does not yet allow us to rigorously disentangle the two design
features of conceptual focus and language responsiveness. Given the existing state of research (Er-
ath et al., 2018; Moschkovich, 2015; Setati, 2005), we have to assume that language-responsive
classrooms with a purely procedural focus theoretically might be realized and not receive compara-
ble benefits, but this was not tested in the current trial with its focus on the dependent variable of
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conceptual understanding. In contrast, a conceptual focus without engaging students in rich dis-
course practices (DP1) and connecting multiple representations (DP2) is hardly possible according
to existing qualitative research (Moschkovich, 2015; Setati, 2005). So, intervention D differs from
good conceptually oriented instruction in only one aspect of DP3: Beyond demanding rich discourse
practices such as explaining meanings, it also provides discursive learning opportunities for ensur-
ing access to these discourse practices for students not yet acquainted with them. Future research
should disentangle these conceptual and discursive features more rigorously. In spite of these limi-
tations, the overall proof of efficacy serves as the empirical base for analyzing our core research
questions discussed in the following subsections.

Efficacy for Extended Target Group Confirmed

Language-responsive mathematics instruction was first developed and has mainly been studied for
multilingual students at risk with low ALP (see overviews by de Araujo et al., 2018; Erath et al.,
2021), so extending efficacy studies to other target groups was the main goal of the current study
(Figure 2). Given our results, the title question (“Only for multilingual students at risk?”’) can clearly
be negated, because we showed that language-responsive instruction is profitable for all students.
This finding can be disentangled into several hypotheses and their refinement.

With respect to the difference between students at risk (R) and successful students (S) within
each of the interventions, D or LD, H2a was confirmed: in both interventions D and LD, students
in S (with diverse ALP) profited significantly more from the interventions than students in R (with
diverse ALP), even after controlling for all relevant background factors in Model 1 (general cogni-
tive abilities, ALP, prior fraction knowledge). Further, those without an urgent need for language-
responsive learning opportunities, the successful multilingual students with high ALP, profited
most. These findings could be expected as a typical instance of the well-known Matthew effect on
accumulation of advantages (Walberg & Tsai, 1983). Nevertheless, the findings are very important,
both because they dissolve typical worries from practitioners that language-responsive instruction
might reduce mathematical learning time and because they strengthen the theoretical idea of lan-
guage as an epistemic catalyst (Pimm, 1987; C. E. Snow & Uccelli, 2009).

Our investigation of the relevance of language background factors for learning gains was framed
by H2b, which proposed that multilingual background and ALP are relevant factors for learning
gains across all students. This hypothesis had to be differentiated according to school success in
Models 2 and 3 (Tables 4 and 5). Whereas being multilingual predicted significantly lower posttest
scores for students at risk than for other students, this was not the case for successful students, for
whom being multilingual had no significant impact on the posttest score. If students were successful
in reaching the higher tracked schools, their being multilingual was no longer an influential back-
ground factor. However, unlike for students at risk, for whom ALP had no significant effect, ALP
is the key background factor for higher tracked students. So, we refine the hypothesis to:

H2b'. Multilingual background predicts lower learning gains for students at risk and academic lan-
guage proficiency predicts lower learning gains for successful students.

This finding could contribute to overcoming the stereotype that multilingual background must al-
ways be a disadvantaging background factor. Scholars have questioned this stereotype (e.g., Barwell
et al., 2016), but it is still persistent in European language policy contexts (Thiirmann et al., 2010).
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The differentiated H2b' seems to resonate with refined versions of the threshold hypothesis on
highly language-proficient multilingual students and their potential advantages in language (Cum-
mins, 1979), metalinguistic awareness, and general cognitive abilities such as executive control (Bi-
alystok & Barac, 2012).

Meanwhile, the finding about ALP is important for answering the question we asked in the title
of this article: Language-responsive mathematics instruction can promote all students’ conceptual
understanding (in this case, of fractions). Even when students have reached some school success,
ALP is still a very crucial epistemic catalyst for academic achievement (Table 5), so learning
through language is shown to require even more (and longer-term) opportunities for learning of
language, even among successful students.

These results reinforce the extension of the target group to monolingual students with low ALP
(Extension 1 in Figure 2; e.g., Gotze & Baiker, 2021; Smit & van Eerde, 2013) and the extension to
students with high ALP (Extension 2 in Figure 2; e.g., Prediger & Neugebauer, 2021) as well as to
higher tracked students (Extension 3), evidenced here.

Additional Effects of an Integrated Lexical Focus Confirmed for Only Some Students

The study investigated the effects on all students of a language-responsive mathematics intervention
with three underlying design principles (DP1-DP3) that are consolidated in the current state of re-
search (Erath et al., 2021; Moschkovich, 2013). In contrast, the role of vocabulary work is still
controversial with respect to its benefits for mathematics learning (Barwell, 2020; Moschkovich,
2015), though it is often emphasized as needed for multilingual students and students with low ALP
with respect to language learning (Gibbons, 2002; Lawrence et al., 2017) and is widespread in cur-
riculum materials (de Araujo & Smith, 2021). To clarify the aptitude-treatment effects of an inte-
grated lexical focus (DP4), intervention LD was compared with intervention D.

When comparing intervention LD with D for all students (first line in Table 6), slightly higher
yet not significant effect sizes on students’ conceptual understanding between LD and D groups
were observable, but H3a, that all students would profit more from LD than from D, was not con-
firmed. This calls for analyzing differential effects for students’ different aptitudes (R. E. Snow,
1991). The advantage of the integrated lexical focus in LD over D was hypothesized to be most
relevant for multilingual students with low ALP, both successful and at risk, because it is often used
and called for in textbooks for multilingual students (de Araujo & Smith, 2021). Empirically, how-
ever, the additional effect of an integrated lexical focus proved to be not significant for multilingual
students (successful or at risk), meaning that H3b was not confirmed.

Conversely, our analysis did reveal significant differential effects of LD over D for successful
monolingual students (in particular, those with high ALP). This group of students, which has so far
been the least studied group in the context of language-responsive instruction, was the only one to
significantly benefit from vocabulary work, although this is most often designed for multilingual
students (de Araujo & Smith, 2021). These findings will surely need further investigation before
being considered stable with clear interpretations. We must emphasize that the dependent variable
is not the students’ vocabulary extension, but the benefit for gaining conceptual understanding of
fractions.
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All these findings show that both instruction through language and language instruction can pro-
vide learning opportunities for conceptual understanding by enhancing students’ language and deep-
ening their conceptual learning processes (see Erath et al., 2021). We must emphasize that all stu-
dents can profit from language as epistemic catalyst (learning through language mainly in the dis-
cursive dimension) and also from the learning of language (which refers to the discourse practices
and vocabulary in the lexical dimension) as an intermediate step for mathematics learning.

The null findings with respect to the lexical focus for certain groups of students seem to confirm
the skepticism of vocabulary work that has previously been articulated (e.g., de Araujo & Smith,
2021; Moschkovich, 2015). However, they should not be overinterpreted for three reasons: (a) learn-
ing gains in vocabulary itself were not assessed, but only conceptual understanding of fractions; (b)
the video-assisted treatment fidelity control also revealed lexical learning opportunities in interven-
tion D (10% of the time spent on lexical teacher questions compared with 25% in LD), so perhaps
this enactment of vocabulary work resulted in differences between the interventions that were too
small to discern; and (c) perhaps the vocabulary work was not sufficiently adaptive for all students,
so that only successful students could fully use the lexical learning opportunities for their mathe-
matics learning. This final assumption must be followed up on by further study of the video material.

Even though these tentative interpretations need to be further investigated, they add to existing
findings on the role of vocabulary work with respect to its benefit for mathematics learning (Barwell,
2020; Moschkovich, 2015) and call for further research on which conditions provide effective vo-
cabulary learning opportunities for multilingual students and students with low ALP. This is part of
our ongoing research in the MESUT 2 study; the videorecorded lessons continue to be analyzed
with respect to the implementation of the quality of lexical learning opportunities in the two inter-
ventions.

Methodological Limitations

Although the study reveals very interesting findings, these must be interpreted with some care be-
cause of methodological limitations. The first, the limited comparability of the CG (with its weak-
nesses because of larger group sizes, lower alignment to the tests, and a tight connection of discur-
sive and conceptual design features), was already discussed earlier.

The second involves the sampling procedure of the study. Identifying students at risk (in this
case, those who have not had sufficient learning opportunities for conceptual understanding in their
first encounter with fractions in Grade 6) is easier than sampling successful students, which required
particular methodological decisions that possibly influence the findings. For curricular reasons, we
chose fifth graders before their encounter with fractions instead of successful seventh graders who
would probably begin with high results in the fraction pretest. As a consequence, the subsample S
is on average two years younger than the subsample R, with possible effects on the comparability
of the measures for ALP and general cognitive ability that may require a new standardization within
each age group. Additionally, selecting successful students from among those recently assigned to
higher tracked schools is only a rough indicator for general school success within the German school
system; motivational effects of the tracking placement itself or other composition effects may also
contribute to the learning gains. Additionally, this selection criterion is not easily transferable to
other school systems where tracking has other cultural contexts (e.g., in the United States, see Cal-
lahan, 2005). Because the study cannot compare students with similar individual background factors
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but contrasting tracking placement, the results must be interpreted with care, with the warning that
other selection decisions for the subsample S (e.g., general mathematical ability) might lead to other
results.

Third, the methodological control of the experimental design was limited in four important as-
pects: (a) the subsamples R and S had to be selected independently from each other; (b) the assign-
ments of ALP-stratified clusters to intervention groups were realized only in a cluster-randomized
way (both of these limitations might have produced some artifacts that should be systematically
controlled in a follow-up study, for example, the measures for ALP and general cognitive abilities
may have to be adjusted to age); (c) the originally intended retention test was contaminated by fur-
ther teaching of fractions in some classes, so we cannot extend our stated results to compare the
long-term effects of the interventions; and (d) we were not able to specify or control the teaching
styles in the CG and needed to rely on teachers’ self-reports of having taught the same fraction
content.

Implications for Future Research

From the findings and the discussed limitations of the study, we can derive substantial implications
for future research. Future efficacy studies investigating the effects of language-responsive mathe-
matics instruction should do the following:

* Investigate the transferability of the findings to other research contexts, in particular to (a) other
mathematical topics than fractions (treated here), diagrams (Smit & van Eerde, 2013), and per-
centages (Prediger & Neugebauer, 2021); (b) other age groups (as in Grade 2 by Gotze &
Baiker, 2021); (c) other school and language contexts than the German early tracking system.

* Make sure that the target group is large enough to overcome the restricted deficit-oriented focus
on multilingual students at risk with low ALP. When research targets only this small group, it
always risks perpetuating the confounding of background factors and unnecessarily narrow as-
sumptions about language learning needs. Extending the target group and replicating the result
that language-responsive mathematics instruction is beneficial for all students could strengthen
the major ideas of enhancing language for mathematics learning.

* Work hard on using the most informative measures for students’ backgrounds. For example, our
study captured ALP only in the German language; future studies should also measure language
proficiency in students’ multiple home languages. This was impossible in our sample with 50
home languages, but should be aimed for in less super-diverse language contexts.

* Disentangle the particular design features in more detail. So far, most efficacy studies on lan-
guage-responsive mathematics instruction have evaluated many design principles at the same
time (Gotze & Baiker, 2021; Prediger & Neugebauer, 2021; Smit & van Eerde, 2013). Our pre-
vious discussion on the limitations of confounding discursive, conceptual, and lexical design
features leads to the urgent need for studies in which these features are separated as far as possi-
ble so that their specific contribution to mathematics learning can be identified (and in which
CGs have more comparable conditions). This can be realized by controlled trials with well-
specified alternative treatments that would allow for comparing the design features more rigor-
ously. In our research group, we have started to conduct an in-depth video study of the enacted

26



instruction in which conceptual, discursive, and lexical activation is analyzed and will be related
to students’ achievement.

* Seek to move beyond the laboratory settings of efficacy studies with small groups, well-trained
teachers, and ideal conditions and scale up to effectiveness studies under more ecologically
valid conditions with a larger group of teachers less acquainted with the research group (Sloane,
2008). First proofs of effectiveness from field studies (Prediger & Neugebauer, 2021) suggest
that this research pathway is promising and also reveal wider possibilities to study differential
effects for different student backgrounds.

Implications for Classrooms and Policy

Even if many questions about the differential effects are left to be further investigated, this study
already calls for important consequences for classroom instruction and policy. The first is that the
limited additional effects found for vocabulary work (in particular, for multilingual students) can
contribute to a substantial refocusing of the particular support for multilingual students on discursive
rather than merely lexical opportunities (de Araujo & Smith, 2021).

More broadly, the major finding that all students can benefit from language-responsive interven-
tions (both discursive and lexical-discursive) is of substantial importance for all mainstream class-
rooms. Rather than consider language-responsive design principles as dedicated only to multilingual
students with low ALP who struggle in mathematics, the design principles can improve the efficacy
of mathematics instruction for all students: not only multilingual students, but also monolingual
students; not only students with low ALP, but also students with high ALP; and even not only stu-
dents at risk who struggle in mathematics, but also successful students with higher potential.

This finding is particularly crucial for policy contexts in which claims for inclusive mathematics
education (Kollosche et al., 2019) are sometimes misunderstood as suggesting that one-size-fits-all
high-quality teaching for all students would be sufficient, without considering particular learning
needs of some students (those such as language-learning needs are often neglected in this context).
So, we asked the inverse question, whether we can optimize our classrooms for students with lan-
guage learning needs and still provide effective learning opportunities for all students.

Even for students without evident language-learning needs, the enhanced discourse practices, the
careful discussion of useful meaning-related phrases, and the deliberate repeated and ritualized con-
nection of different representations and languages have proven to serve as an epistemic catalyst for
developing conceptual understanding. By this, quantitative empirical evidence is given for an old
claim (by Pimm, 1987) and qualitative findings (from Barwell, 2020; Moschkovich, 2002; Setati,
2005). With this empirical evidence, the principles of language-responsive instruction and their
topic-specific realizations can be promoted as quality instruction for all students, not only as specific
support for students at risk with low ALP.

This is of major importance for highly linguistically diverse classrooms in Germany and many
other countries: Our findings can help to reassure teachers in being language-responsive without
fearing to neglect the (mathematical) needs of students who do not seem to require language-re-
sponsive teaching. Thus, the message that language-learning opportunities are key because all stu-
dents, even those without visible language-learning needs, can benefit mathematically should be
explicitly communicated in all professional development courses, in Germany and—adapted to the
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respective language contexts—also in other countries. A potential policy change to consider lan-
guage responsiveness as relevant for all students might contribute to detaching it from deficit views.
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