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When mathematics teachers start with language-responsive teaching practices, they often focus only
on isolated vocabulary rather than rich discourse practices. This restricted orientation is often doc-
umented and raises the need to be widened in professional development (PD) programs. In our PD
design research project, we developed activities inviting teachers to re-focus on rich discourse prac-
tices. This paper reports on theoretically and empirically derived potentials of PD activities.
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Need for professional development for language-responsive mathematics teaching

By language-responsive mathematics teaching, we mean practices directed at enhancing students’
language for mathematics learning (Erath et al., 2021). Based on well-established research on the
epistemic role of academic language for mathematics learning (Moschkovich, 2015), mathematics
education researchers and curriculum designers have developed design principles and curriculum
materials for language-responsive mathematics teaching (Erath et al., 2021). In controlled trials, these
approaches have been shown to be effective for developing students’ conceptual understanding in
mathematics, when enacted productively by the teachers (ibid.). However, studies document huge
differences in teachers’ enactment of language-related teaching practices (Barwell, 2020; Lucas &
Villegas, 2013). That is why well-designed professional development (PD) programs on language-
responsive teaching are required. In this paper, we focus on one particular challenge for PD that has
often been documented: Many mathematics teachers who start language-responsive mathematics
teaching have a restricted orientation about what counts as relevant language demand in mathematics
classrooms and focus exclusively on isolated vocabulary without their functional use in discourse
practices (Bunch, 2013; Turner et al., 2019), such as reporting procedures or explaining meanings
which are the much more relevant language unit as shown in many classroom studies (Moschkovich,
2015). Thus, the PD design research study presented in this paper pursued the following design re-
search question:

How can PD activities contribute to widen mathematics teachers’ language perspective from vocab-
ulary orientation towards rich discourse practices when starting language-responsive teaching?

Background: Definition of discourse practices and findings on mathematics
teachers’ restricted vocabulary orientation

Discourse practices are considered as key units of language that evolved socio-culturally and are
interactively co-constructed in mathematics classroom discourses (Moschkovich, 2015; Erath et al.,
2021). To substantiate what we mean by rich discourse practices, Figure 1 provides examples of
discourse practices for “magic multiplication”, a graphical version of the multi-digit multiplication
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procedure (later treated in one of the PD activities). The discourse practice of reporting how this
procedure works ensures the transmission of procedural knowledge, whereas explaining why this
procedure works can contribute to consolidating conceptual understanding of place values (the inter-
play of numbers and digits) and multiplication (as unitizing, i.e., counting in bundles). Whereas re-
porting-how only requires sequential connectives (first, second, finally), explaining-why requires in-
tegrative connectives (such as corresponds to, as, that’s why) and more complex sentence structures.
Thus, explaining-why is considered as richer, mathematically and discursively (Moschkovich, 2015).

When teachers (implicitly or explicitly) specify language demands for explaining mathematical as-
pects, they tend to neglect the discourse practices (and the vocabulary needed to enact them) and
focus on vocabulary in isolated ways (Turner et al., 2019). Teachers’ implicit specifications become
explicit in other teaching practices, e.g., in providing language support by scaffolding only (mostly
technical) vocabulary (e.g., digit, orthogonal lines), or in formatively assessing students’ language
only with respect to vocabulary while neglecting the discourse practices in view (Brunch, 2013).
Empirical evidence for this was provided by Prediger et al. (2019) with the diagnostic PD activity in
Figure 2. It elicited the diagnostic categories that 223 mathematics teachers chose to formatively
assess three students’ written texts.

Magic multiplication

|4 x\2 = 68

(Source YouTube video tutorial
http://www.youtube.com/watch?v=_AJvshZmYPs)

Possible vocabulary needed

Reporting how the procedure
of magic multiplication works

For multiplying 14 x 12, you first
draw 1 and 4 parallel lines for
14 and, orthogonally to these, 1
and 2 parallel lines for 12.

Second, you count the intersec-
tions of the 4 and 2 lines on the
right, resulting in 8 as ones-digit.
The intersections in the middle
are 6, they stand for the tens-
digit. On the left there is 1 cross-
ing, standing for hundreds digit.

Finally, you write the digits from
right to left next to each other,
this results in 168.

* Digit
= orthogonal and parallel lines
= intersection

Explaining why the procedure
of magic multiplication works

Drawing the lines corresponds to decom-
posing the numbers into its tens and ones.

When counting the crossings for the
ones, you see four bundles of twos, this
corresponds to 4 x 2. The crossings of the
lines for ones and tens represent six bun-
dles of tens, and counting in bundles cor-
responds to multiplying 6 x 10 = 60. The
crossings of the lines for tens represent
ten sets of tens, thus 10 x 10 = 100.

Altogether, writing the three digits next
to each other corresponds to the product:
100 + 60 + 8 is composed into 1 6 8.

= de-/composing numbers
= lines represent tens/ones

= crossings represent bundles of
ones/tens

Figure 1. Example for two discourse practices: Reporting procedures and explaining why they work
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Diagnostic Activity
The Grade 8 class has introduced the meaning and the formula for the slope of Explain what m = 22X means and
linear functions. The homework task (formulated as on the right) requested 2%

students to write summaries.

what you can describe with it.

Analyze the three students’ texts using four self-defined categories, two for mathematical aspects
and two for language aspects. Evaluate using 0,1, or 2 points and justify your decisions.

Ali Suleika N Tom

You want to calculate the The slope saying, _ "/\ " Iff yu for exempel have y=0.2+10 of

slope. First you chose two how much growing the A the mobile Fkohe tarif. For exempet
X wew abk 10 minutes it is 12 €, at 30

points, e.g. x=3, y=1and | function per x-step.

%-5,y-8. Second, you Thus, how mwcch get Y minutes it is 16 €, Thus, distance 20,
=bH, y=8. , , - . 4€ __ 02€
evaluate: m = 22 =7 more per how much get x more. price more 4 € and than ;70 = o
Done 2 The PER makes the DIVIDED. Thenn, costs per minute

my price 0,20 £ more costly,

Figure 2. Diagnostic PD activity for mathematics teachers in the beginning of a PD program
(Prediger et al., 2019, p. 108; translated from German with students’ errors preserved)

The analysis reveals that from the teachers’ self-chosen language-related diagnostic categories, only
14% of the teachers focused on discourse practices, but 29% on vocabulary (30% on grammar and
48% on orthography). Up to this point, these percentages replicate findings of Turner et al. (2019).
However, what we have also seen in the analyses is that teachers’ mathematical diagnostic categories
for these texts included 79% discourse practices (Prediger et al., 2019).

This very important additional finding shows that mathematics teachers indeed focus on how students
report or explain, but before the PD on language-responsive teaching, they do not subsume these
discourse practices under their individual conceptualization of language. The analysis also revealed
that those teachers who already activated discourse practices as language-related categories had ac-
cepted their responsibility to enhance students’ language in mathematics classrooms to a significantly
higher degree than those who conceptualize language only on word and sentence level (Prediger et
al., 2019, p. 111). In the following, we report how we used these findings to improve our PD design
by starting from these identified teacher resources to widen their vocabulary orientation on language
into a more comprehensive orientation, with a clear focus on discourse practices as relevant language
units.

Methodological framework of content-related PD design research
Content-related PD design research as methodology

For pursuing our design research question, we chose the methodology of content-related PD design
research (Prediger, 2019). In general, content-related design research combines two aims, designing
learning opportunities and providing empirical insights into the initiated learning processes on the
learning content in view. In our case, the PD learning content in view is the focus on discourse prac-
tices as mathematical relevant language units. The four working areas of content-related PD design
research comprise (a) structuring the PD content (here, the need to go beyond the vocabulary focus
is related to the identified starting points in teachers’ mathematical focus on discourse practices), (b)
developing the PD design, (c) conducting and analyzing the design experiments, and (d) contributing
to theorizing on teachers’ learning pathways and refined PD content specifications.
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General PD design in the overarching project

The whole PD program on language-responsive mathematics teaching comprises a series of four PD
sessions of 3-6 h each, with teachers’ intermediate classroom experimentations (Prediger, 2019). It
developed from early attempts to offer inert knowledge about the role of language in mathematics
learning to more situated approaches that are based on the content-related model of teacher expertise
(Prediger, 2019, adapted from Schoenfeld, 2010). The model of content-related expertise starts from
teachers’ typical jobs (in the case of language-responsive teaching these are (1) IDENTIFYING math-
ematically relevant language demands, (2) DEMANDING students’ language production, (3)
NOTICING students’ language resources and challenges, (4) SUPPORTING students’ language pro-
duction, and (5) successively DEVELOPING students’ language proficiency). PD activities (like in
Figure 2) are developed as simulations to approximate these jobs (Grossmann et al. 2009), followed
by reflections with the teachers on the underlying pedagogical content knowledge (PCK) categories
and orientations needed to master these jobs productively. By this inductive PD approach, we work
with what teachers collectively bring in, and we systematize and connect their intuitive ideas, some-
times complementing them by informative deductive inputs.

Methods of data gathering for this paper

In this paper, we focus on the PD activities in the first PD session that were successively optimized
to better reach our specified learning goal. Design experiments were conducted with repeated trials
of the PD session in view, first by the authors as PD facilitators, later also by other PD facilitators
that we qualified for this task. In sum, 23 PD design experiments of the first PD session were con-
ducted with more than 400 mathematics teachers from secondary schools in six iterative design ex-
periment cycles. 18 of the PD sessions were audiorecorded or videorecorded and partly transcribed.
Additionally, teachers’ written products were collected.

Methods of qualitative data analysis for this paper

To optimize the PD activities iteratively, we qualitatively investigated the recorded teachers’ pro-
cesses while completing and reflecting on the PD activities. For this, teachers’ utterances and self-
reported practices for mastering the jobs addressed in the PD activities were analyzed to infer the
underlying orientations and PCK categories they implicitly or explicitly activated in their practices
for mastering the simulated jobs.

Insights into the iterative design experiments

Design Experiment Cycles 1-2: Offering inert knowledge without reaching the orientations

After a brief introduction on language disparities in mathematics achievement, the first PD session
starts with an introductory PD activity that addresses the job IDENTIFYING mathematically relevant
language demands (see Figure 3 left). When teachers are asked to collect typical language difficulties
on the pinboard, it is typical that 70% of them refer to vocabulary and about 60% to word problems.
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Introductory Activity: Pinboard collecting Systematizing slide with diagnostic categories:
students’ typical language challenges Discourse practices integrate mathematics-
and language-related categories
What language challenges do you (after Diagnostic Activity)
_—
identify in your students’ work?
| ; A Lol . Mathematical diagnostic categories Language-related diagnostic categories
Surface level Orthography
Mathematical correctness Sentences complete
Connecting representations Sentence level Grammatically correct
i Sentences understandable
Means the right things
(even if articulating strangely)
Word level Uses technical vocabulary

Uses meaning-related vocabulary

Procedural knowledge o .
€ Discourse level / mathematical core | (“per”, “distance”)

Conceptual understanding N N L
Discourse practice explaining why

vs. reporting how

Generalization . . s "
Discourse practices describing generality

Figure 3. Introductory activity and slide after diagnostic activity from Figure 2

Only under 10% of the teachers already refer to discourse practices. The reflection phase systematizes
the collected language demands and introduces the PCK categories word level, sentence level, and
discourse level hinting to this imbalance. However, we observed in the early design experiments that
the introduced PCK categories remained only inert knowledge. That means, the participating teachers
did not use them for the next PD activity, NOTICING students’ language (Figure 2). From this
observation, we inferred the need for more intensive reflections, systematizing the mathematical and
language-related diagnostic categories that the teachers used for the diagnostic activity. This
reflective systematization process (for which the outcome is depicted in Figure 3 right) turned out to
be fruitful and necessary to deepen teachers’ knowledge about language levels and show that the
discourse practices help to integrate mathematics and language as they are situated in the mathemat-
ical core and, at the same time, on the discourse level of language. Nevertheless, most teachers still
did not consciously use their knowledge about discourse practices when approximating the next job,
SUPPORTING students’ language when asked to write down useful phrases for a writing task
(analyzed in Prediger, 2019). We realized that the explicit knowledge about word level, sentence level
and discourse level and the explicit activation of the PCK category discourse practice rather than
vocabulary seems to be guided by a more unconscious element of teachers’ expertise, their
orientation. Following Schoenfeld (2010, p. 29), we define orientations as beliefs, values or
pedagogical attitudes about particular aspects of mathematics (and language) teaching and learning
that implicitly or explicitly guide teachers’ perception and prioritization of jobs, and that can hinder
the activation of knowledge for productive practices.

Design Experiment Cycle 3-4: Introducing and refining the self-experiment

The change of orientations cannot be reached only by introducing new knowledge. It requires sub-
stantial personal experiences to reach deeper affective levels that will serve as the anchor for a set of
alternative orientations toward teaching (Schoenfeld, 2010). From the beginning of the design exper-
iment cycles, we included a PD activity to increase mathematics teachers’ acceptance of their respon-
sibility to enhance students’ language proficiency, the first of all orientations that teachers need to
adopt before engaging in language-responsive teaching (Lucas & Villegas, 2013). In this PD activity
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(Figure 4), we ask the participating teachers to conduct a self-experiment of writing and explaining
the magic multiplication (Figure 1) in a foreign language. This PD activity is not an approximation
of typical teacher jobs, but it puts the teacher into the role of students with language difficulties. This
PD activity was very effective for sensitizing teachers to the communicative and epistemic role of
language and to the affective consequences of feeling unable to fulfill the DEMANDED language
productions without suitable SUPPORT.

Why is language so crucial? Self-experiment on magic multiplication

Self-experiment: Think, write and explain in your foreign language, why
this procedure works. Don‘t switch to your home language German!

Helpful words Vocabulaire
Line la Ligne
Intersection une Intersection
Digit le Chiffre

Multiply, Add up
Count

Place values
Digits

Ones

Tens

Carry (Ubertrag) le Chiffre des Centaines 3 1. 4 l=3 39

Multiplier, additionner
Compter

le Valeur de position
le Chiffre des Unités

le Chiffre des Dizaines

Figure 4. Self-experiment for sensitizing teachers to focus on discourse practices

In reaction to the identified requirement of further PD opportunities to extend teachers’ vocabulary
orientation in Cycle 2, we refined this activity in Cycle 3 into one that allows also the reflection on
the discourse practices. From Cycle 3 on, the activity was presented with a support of isolated vocab-
ulary (see Figure 4), which is offered some minutes after DEMANDING the written text. Although
most teachers in our PDs have the conceptual understanding underlying the magic multiplication
procedure, many of them do not refer to it and do not articulate the demanded discourse practice of
explaining-why (left side of Figure 1 instead of right side). Being heavily occupied with writing in a
foreign language, they restrict to reporting-how. Their own surprise about this shortcoming is a very
good culmination point for the reflection on these different discourse practices: Usually, the reflection
starts with the affective experiences (“I felt under pressure of this task which was unsolvable for me,
with my bad English.”) and then proceeds to the affective support provided by the list of isolated
vocabulary (“I felt really relieved when I got this list and started writing.”). But teachers also reflect
the limited potential of the isolated vocabulary support for their writing attempts (“I cannot use only
nouns, I searched for relational phrases such as ‘this represents that’ or ‘this stands for that’, ‘it is
orthogonal to’.”) and conclude that chunks with relational phrases (connectives) might be more im-
portant. In this way, they feel the relevance of the distinction between word level and sentence level
themselves, creating an affective anchor of this difference. Only then, we ask for the discourse prac-
tices they realized (“Who has really explained why, who only reported how the procedure works?”,
“I haven’t, I was too busy with articulating how it works”, “Why haven’t you done what you were
asked for?”; all quoted utterances transcribed from an audio-record of Cycle 3). During these conver-
sations, most participants become aware that the difference between reporting how and explaining
why 1s the most critical language unit in play. As this was experienced personally, with own affective
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involvement, this PD activity increases the chance to have sustainable impact with regard to the un-
derlying orientations (shift from vocabulary orientation to focus on discourse practices).

Design Experiment Cycle 5/6: Exploring relevant aspects as a task for facilitation of discussion

As the reflection of the self-experiment seemed to bear potentials, we investigated them more sys-
tematically in Cycle 6 to find teachers’ utterances that give starting points for shifts in orientations.
Indeed, Figure 5 provides examples of teachers’ self-reflective statements that repeatedly occurred.

Focus on And then, with the technical terms [of the word list]

e ED it was easy. But you don't use them everyday, | didn't see the word list at all. | did it myself with

so it was quite helpful to have these words. my own words and afterwards | thought that | have

to learn these words [points to the word list].
Shift from vocabulary It [subsequent support of isolated vocabulary] is better, but

focus to sentence focus | | it doesn't really help much, because you still don't really
have the sentence structures or the relations either.

With this word list that is offered now, you can't make sentences. Thus, you probably
need some verbs expressing something like, yes, the line now represents the ones or
the cross means that when | have ones and tens and then have to combine that.

Shift F° discour:st? Although the words [of the list] helped a lot for the
practice: Explaining- description. But for the abstract why [the procedure

why vs. reporting-how | | works], I think — it is still difficult. 1 think | could have somehow managed to describe it, but it's

really hard to explain why it's like that. So that's- You really
notice that it’s another level [of difficulty for students].

Figure 5. Aspects around the focused orientation raised in the reflection of the self-experiment

Although these self-reflective utterances occurred in all videorecorded PDs, the discussions around
them varied strongly in their success of making use of the self-reflection for this important PD learn-
ing goal. A requirement for the potential success of the shift from vocabulary orientation to focus on
discourse practices within the reflection seems to be that the facilitator notices these starting points
and picks them up by confirming, strengthening or expanding them towards the direction of a stabi-
lized shift in teachers’ focus of attention. We will need further analytic steps focusing on facilitators’
moderation practices to disentangle conditions of success.

Discussion

Preparing mathematics teachers for language-responsive teaching is often called for, but not yet al-
ways targeted to most urgent PD content aspects (Lucas & Villegas, 2013; Turner et al., 2019). By
our long-term PD design research project (Prediger et al., 2019) we could identify the shift from an
isolated vocabulary orientation to a focus on the functional use of vocabulary in discourse practices
as one critical content aspect that does not only require teachers’ knowledge about language levels,
but a deeper orientation that needs active reflection in order to develop in the productive direction
(Schoenfeld, 2010). In this paper, we present three PD activities that can contribute to extend mathe-
matics teachers’ vocabulary orientation about language towards a wider focus on rich discourse prac-
tices when starting language-responsive teaching. They combine the establishment of knowledge
about language levels with their situated use not only for IDENTIFYIING language demands, but
also for NOTICING and SUPPORTING students’ language. When teachers adopt the role of lan-
guage learning students, this experience can build a more affective anchor. When the experience is
reflected with respect to the teachers’ surprising failure to engage in the demanded discourse prac-
tices, this can have an impact on their orientations. In future research, we will deepen these insights
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by (a) analyzing the facilitator’s moderation practices in more detail, (b) by tracing teachers’ shifts in
orientations also with quantitative measures.
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