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Teachers’ diagnostic categories shape what they notice in students’ explanations. We study how the
diagnostic categories of n = 47 middle school mathematics teachers change in a professional
development (PD) program on language-responsive mathematics teaching. Whereas teachers in the
waiting control group show changes in unintended direction after three months, the teachers in the
PD group changed their prioritized diagnostic categories as intended: They focus less on isolated
technical terms and more on conceptually focused discourse practices (like explaining meanings).

THEORETICAL BACKGROUND AND APPROACH FOR THE PD COURSE

Diagnostic categories as filters in teachers’ noticing

Teachers’ classroom practices rely heavily on what they notice in classroom complexity, therefore,
enriching and focusing teachers’ noticing has become an important focus for developing and
researching PD courses (Goldsmith et al., 2014; Sherin et al., 2011). Noticing was described as a
filtering process for “making sense of events in an instructional setting” (Sherin et al., 2011, p. 5), in
which “abstract categories” serve as filters for reducing complexity and focusing teachers’ attention
(Sherin et al., 2011, p. 5).

This high relevance of diagnostic categories as perceptive filters also applies to the context of this
paper, a PD course on language-responsive mathematics teaching that aims at empowering teachers
to enhance students’ language for mathematics learning (Prediger et al., 2019). In language-responsive
mathematics classrooms, not only mathematical correctness and topic-mathematical ideas are key
diagnostic categories, but also language-related categories. Case studies revealed that teachers who
start with language-responsive teaching often focus on surface categories for language (like spelling
errors) or isolated technical terms, whereas more experienced teachers also focus on more elaborate
language-related categories such as rich discourse practices (e.g., arguing, explaining) as these are
main language learning goals (Bunch, 2013; Turner et al., 2019). For enhancing students’ conceptual
understanding, the discourse practice of describing procedures is less relevant than explaining
meanings, but often prioritized by beginning teachers (Prediger et al., 2019).

Approach for PD program: written explanations and explicit categories

Many studies on teacher noticing point to the full classroom complexity (e.g., in leading whole-class
discussions) as ultimate learning goal for teachers and work with classroom videos as a key component
in PD courses (Sherin et al., 2011). Before using classroom videos with their whole complexity, we
decided to offer professional learning opportunities for noticing in less complex situations, to allow
for action-relieved and focused discussions about relevant diagnostic categories, first. Overall, this PD
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approach contributes to the call for more focused professional learning opportunities for teachers
before (or besides) exposing them to the whole complexity (Goldsmith et al., 2014).

Students’ written explanations can offer insightful windows into their mathematical ideas, and also in
their language resources and language learning needs (Morgan, 1998). The fact that teachers can read
them several times allows them to select and rank diagnostic categories with deeper reflections than
in oral whole-class situations.

While novice and expert teachers often apply filtering categories rather implicitly, initiating shifts and
extensions of teachers’ categories requires to make them explicit. In the context of language-responsive
mathematics teaching, this particularly applies for the shift from many novice teachers’ focus on
isolated technical terms to discourse practices (Turner et al., 2019).

Research question

Many case studies have analyzed teachers’ practices in language-responsive teaching and drawn
consequences for PD designs (Bunch, 2013; Turner et al., 2019), but still little is known on teachers’
professional learning through PD courses, in particular not shifts in teachers’ diagnostic categories.
Therefore, the current study pursues the following research question: How do teachers’ diagnostic
categories for students’ written explanations change after three months in a PD program?

METHODS

Research design and sample. Around 80 German middle school mathematics teachers participated
in the PD research program that was conducted as a quasi-experimental controlled trial in pre-post-
control-group design. Teachers were assigned to a waiting control group and a PD group who
participated in the PD course with six-weekly PD sessions and classroom experiments in between.
This paper refers to those n =47 teachers (27 in PD group, 20 in WCG) who completed both diagnostic
activities, the pre-activity in the first PD session and the post-activity after three months. Participating
teachers had between 0 and 37 years of teaching experience (median 5 years), 23% of them held a
teaching certificate only outside mathematics.

Data gathering in two diagnostic activities. The two diagnostic activities were constructed in parallel
for two mathematical procedures requiring a conceptual understanding: slope of functions (pre-
activity) and addition of fractions (post-activity, see Fig. 1). Teachers received three student
explanations and a set of diagnostic categories (often identified in preliminary studies with open
category-eliciting formats, see Prediger et al. 2019): surface language criteria (orthography, grammar),
technical terms, discourse practices with conceptual focus (explaining meanings) or procedural focus
(describing procedures), understandability (which is on the functional side of language but still rather
vague), and mathematical correctness.

Methods of data analysis. For this brief paper, we report on the analysis of the categories that teachers
selected and ranked as most and second most important (Question 2 and 3, in Figure 1). We compare
the relative frequencies of prioritized selections between the waiting control group and the PD group,
and their changes from the pre-activity to the post-activity.
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Analyzing students’ written explanations -
In a Grade 6 class, several lessons treated the addition of fractions, by explaining with fraction bars _ :
what the different steps of the addition algorithm mean and why they must be executed in that way. In
the last lesson, the teacher poses a concluding writing assignment: 2
I I [ I I
Explain each step needed for adding fractions. e — I — I |
Use the image of fraction bars for an explanation what they mean.
3.
Three students wrote these explanations | o ——— | |
(translated from German, deliberate grammar and spelling errors preserved): e o ma I |

Max

You want to add fractions, ok.
Then you extend the frac-
tions, in Step 1: 1/3 becomes
4/12 and 1/4 becomes 3/12. In
Step 2, you add the numera-
tors 4 and 3. Then the sum is
7/12, and you are done.

Ayhan

Adding 1/= and 1/4, means to combine
both parts. It is easy in picture. But cal-
culating works too, if the whole have
sawe fields. Need only to count fields.
Because numerators make counting
fields. You can just count on. So im-
portant: must you first make same
Wholes devision, than add nuweerators.

Eva

thave owne slice of chocolate cake and 1 slice of Lemwon cake,
L want to put themw together. But you cannot add tew., be-
cause my mowm sliced one in = and one in 4 slices. Just
tell mowm to slice each in 12 slices next timee, thew you can
wore easily eat thew together. Now [ have to make the
slices smaller for both, so from = chocolate | make 12 choe-
olate and the 4 Levwown, 1 divide into 12 Lemeon, then | can
add them. Both are from 12 an together | eat F/12.

1. Analyze the three explanations and evaluate
which criteria are met to which degree.

2. Please, select those criteria that are most important for you
for evaluating a student product.

3. Please, rank your selected criteria according to their importance.

Criteria

o formulates clearly

e uses technical terms

e is orthographically correct
« is grammatically correct

 is solved mathematically correct
e explains what the steps mean
e dscribes how steps are executed

Figure 1: Diagnostic activity on students’ written explanations. Selecting and ranking

FIRST RESULTS FOR CHANGES IN TEACHERS’ DIAGNOSTIC CATEGORIES

Figure 2 presents the relative frequencies of teachers in the control group and the PD group who
prioritized a given diagnostic category as most or second most important. In the pre-activity, the
relative frequencies of prioritized diagnostic categories are highly comparable between both groups
(except for a stronger emphasis on technical terms in the PD group). The mathematical correctness
receives comparable attention in all four occasions, while the surface categories are consistently not
prioritized when alternatives are offered. In contrast, both groups changed their priorities for language-
related categories in different directions: The control group mainly developed into unintended
directions: In the post-activity, they put slightly less emphasis on understandability (17,5% -> 15%),
less on conceptually focused discourse practices (32% ->20%), but more on technical terms (2,5% ->
12,5%) and procedurally focused discourse practices (17,5% -> 25%). In contrast, the PD group puts
less emphasis on technical terms (9% -> 2%), less on procedurally focused discourse practices (16,5%
> 13,5%), but slightly more on conceptually focused discourse practices (31,5% -> 34,5%) and
understandability (19% -> 23,5%).

| &3 Sz

Control group 17.5%
,5%

(pre-activity) 17,5% 27,5% Sum 100%

Control group

(post-activity) 12200 25 _ 15% 27,5% Sum 100%
PD group 5 5

(pre-activity) 1 9% 5% INETSE——— 19% 24% Sum 100%
PD group 5 o o

(post-activity) 2% 13.5% IS 23,5% 26,5% Sum 100%

m surface categories m Technical terms ' Discourse practice (procedural) m Discourse practice (conceptual) = understandability m mathematical correctness

Figure 2: Changes in teachers’ prioritized categories for students’ written explanations

DISCUSSION AND OUTLOOK

Noticing refers to whole classroom complexity (Sherin et al., 2011), but can start with reduced
complexity by analyzing students’ written explanations. As Goldsmith et al. (2014) call for
overcoming PD research that provide only evidence for the whole program's effectiveness without
scrutinizing details of content-related professional learning, we decided to focus on one of those
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details. While other publications from the PD research project will report on other changes in teachers’
more complex practices, this brief paper focuses on the progress teachers can make in the action-
relieved, complexity-reduced analysis of students’ written explanations.

The reported data from the control group and the PD group on the pre-activity replicates findings from
other studies: strong focus on isolated technical terms and procedurally-focused discourse practices
(Bunch, 2013; Turner et al., 2019; Prediger et al., 2019). Although surface language categories have
been often elicited in open diagnostic judgments for the same texts (Prediger et al., 2019), teachers do
not prioritize them when also other categories are suggested.

For the waiting control group (who has not yet participated in the PD course), the changes in the
unintended directions might indicate methodological challenges in that both diagnostic activities might
elicit different priorities. However, the contrast to these developments makes the results for the PD
group in the post-activity even more remarkable. Within only three months, teachers prioritized
substantially other categories and moved away from a focus on isolated technical terms, and more on
the most essential discourse practice, explaining meanings. While the category understandability is
already a sigh of a move into an intended direction (towards a functional perspective on language,
Bunch, 2013), we still hope to develop it further into more refined categories. Overall, we provide the
first quantitative data we know on teachers’ growth in language-responsive mathematics teaching.

The further analysis of Question 1 (in Figure 1) will provide insights into teacher’s interpretation of
the categories. And the analysis of teachers’ noticing and supporting practices beyond written
explanations will allow us to study whether this first elementary step in teachers’ noticing practices
can contribute to richer noticing practices in more complex whole-class situations.
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