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Quantitative classroom video studies have shown that engaging students in mathematically and dis-
cursively rich practices can promote students’ mathematical learning with measurable effects. How-
ever, qualitative studies identified the need to further disentangle these practices with respect to con-
ceptual, discursive, and lexical richness, and showed that rich tasks need not lead to rich teacher
moves or even to rich enacted discourse practices. The study presented in this paper builds upon these
findings to develop an analytic framework for quantitatively capturing quality features of classroom
talk in 49 teacher-led small groups of 3-6 middle school students, each. We operationalize quality
features with respect to the tasks, moves, and enacted discourse practices and investigate which of the
quality features predict student learning gains in conceptual understanding of fractions. The regres-
sion models reveal that the degree to which teachers were able to engage students in conceptually rich
practices significantly predict learning gains for all students, whereas the degree to which they provide
also lexical support has an additional impact for students in at-risk contexts.

INTRODUCTION: QUANTITATIVE RESEARCH ON QUALITY
OF CLASSROOM PRACTICES IN NEED OF REFINEMENT

Engaging students in mathematically and discursively rich practices can promote mathematical
learning gains with measurable effects; as repeatedly shown in various quantitative studies on the
quality of classroom practices (Bostic et al., 2021; Hiebert & Grouws, 2007; OECD, 2020). Although
there seems to be a certain convergence on these findings, they are still fragile as they are based on
heterogenous conceptualizations and operationalizations of quality, so researchers concede that “we
are only beginning to understand what makes a difference in terms of quality teaching” (TALIS study
in OECD, 2020, p. 14) and call for further disentangling the ways in which quality of classroom
practices is measured.

Whereas the quality of classroom tasks has already been disentangled in detail (e.g., Ni et al., 2018),
we saw the need to further refine quality of classroom interaction for which most rating protocols
provide rather holistic ratings not yet scrutinized into their separate contributions, and often focused
only on tasks and teachers’ moves, not so often with respect to students’ contributions (as summarized
in the survey by Bostic et al., 2021).

On the other end of the research spectrum, many qualitative case studies on interaction qualities
revealed that teachers’ tasks or moves only partially determine the enacted mathematical and
discursive practices since these practices are always co-constructed by teachers and students (Walshaw
& Anthony, 2008; Krummheuer, 2011). In particular, treating rich tasks does not need to lead to rich
teacher moves or even to rich enacted discourse practices.
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This calls for further disentangling different kinds of richness of practices (Mu et al., 2022) and
examine their connection to students’ learning gains, which we did in the MESUT project (Quabeck
et al., 2022; Prediger et al., online first).

THEORETICAL BACKGROUND
Qualitative case studies provide a base for disentanglement

A large body of qualitative studies provided deep insights into classroom interactional practices, here
defined as the ways in which teachers and students communicate to interactively establish shared
meanings and discuss mathematical ideas (survey by Walshaw & Anthony, 2008). In particular, case
studies indicated how strongly students’ learning opportunities can be shaped by the degree to which
students are engaged in rich practices. Even when tasks are rich, teachers’ moves and the really enacted
discourse practices often tend to be less rich than the original task (Hiebert & Grouws, 2007), so
researchers pleaded for studying the really established interactional practices.

As a systematic summary of research findings reveals (Quabeck et al., 2023), the state of qualitative
research suggests to distinguish four quality domains:

(a) the quantitative space for student talk (a necessary but not yet sufficient condition for rich
practices),

(b) conceptual richness (relating to the degree in which the interactional practices refer to conceptual
aspects of mathematics learning, e.g., by collectively explaining the meanings of concepts, Hiebert
& Grouws, 2007),

(¢) discursive richness (relating to the degree in which the interactional practices involve discourse
practices such as generalizing, arguing, reporting procedures, Moschkovich, 2015; Walshaw &
Anthony, 2008), and

(d) lexical richness (relating to the instructional support provided for learning academic vocabulary
embedded in rich practices, Gibbons, 2002).

Whereas many qualitative studies indicate that these different quality domains are often highly
intertwined, their quantitative disentanglement also allows the research field to scrutinize their exact
relations (Quabeck et al., 2023).

Typical quantitative operationalizations of rich instructional practices

The insightful survey by Mu et al. (2022) revealed the heterogeneity of conceptualizations and
operationalizations of cognitively demanding instruction and calls for more conceptual clarity,
distinguishing the cognitive demand of tasks from teachers’ cognitively demanding facilitation and
students’ cognitive engagement. Whereas task quality has often been captured by subject-related
quality features (e.g., Ni et al., 2018), interaction quality in teachers’ facilitation and students’
engagement has more often been captured by generic quality features (Bostic et al., 2021). For
instructional support, the survey results suggest distinguishing the support of social relatedness from
more subject-related support of competency and autonomy experience (Mu et al., 2022), both situated
in interaction rather than task qualities. Furthermore, quality dimensions in different coding protocols
differ in their focus on teachers’ intended activation (captured by the tasks and teacher moves), or
teachers’ enacted activation (captured by some measure of class engagement). When class engagement
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or individual students’ engagement is rated by some indicator of richness, this indicator can be
operationalized by the richness of the fask in which students engage (task-based operationalizations),
the richness of a teacher move after which students engage (move-based operationalizations), or the
richness of the interactively established discourse practices (practice-based operationalizations).

Based on these existing variations, we have developed an analytic framework in which the findings
from qualitative research informed the construction of quality features in four quality domains (a)-(d),
each with different operationalizations (Quabeck et al., 2023):

o Task-based operationalizations of quality measure the relative time that students engage in
interactions after (conceptually, discursively, or lexically) rich tasks.

e Move-based operationalizations of quality measure the relative time the students engage in
interactions after (conceptually, discursively, or lexically) rich teacher moves.

e Practice-based operationalizations measure the relative time students contribute to conceptually,
discursively, or lexically) rich discourse practices.

In a methodologically oriented paper (Quabeck et al., 2023), we show that quality domains (b) and (c)

correlate more than the others, but none of them are identical, and the correlations between the different

operationalization are much weaker than the current discourse on operationalizations (Bostic et al.,

2021) might suggest. The paper reports on the following research question:

How are students’ learning gains predicted by relative lengths of conceptually, discursively, and
lexically rich interactional practices in which their teachers engage them?

METHODOLOGICAL FRAMEWORK
Methods of data collection

To study the predictive power of the richness of classroom interactional practices, our research was
situated in good conditions for intense interaction, namely in teacher-led small groups of 3-6 students,
each. In order to control other important factors such as curriculum material of varying quality (Bostic
et al., 2021; Hiebert & Grouws, 2007), we investigated the video-recorded interaction in 49 teacher-
led small groups who all shared the same curriculum materials (Quabeck et al., 2023).

All teachers were master and PhD students in mathematics education who were intensively prepared
for conducting the intervention of five sessions of 90 minutes, each. The students of the video sample
(n = 210) were mostly 11-13 years old and stemmed from two distinct school contexts, success
contexts (from higher tracked schools with diverse populations) and at-risk contexts (students selected
from lower tracked schools by the risk of being left behind due to schools’ failure to provide access to
fractions in the first encounter).

The outcome variable in view was the fraction posttest (measuring students’ conceptual understanding
of fractions), controlling for fraction pretest scores, general cognitive abilities (assessed in a matrix
test), language proficiency (assessed in a cloze test), multilingual background (captured by self-report
on country of birth of students and parents), and socioeconomic status (captured by the visually
supported books-at-home-index).
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Methods of data analysis

Basic ratings. For capturing the richness of interaction, we conducted basic ratings on the conceptual,
discursive, and lexical richness of all tasks (t), of all teacher moves (m), and of the discourse practices
(p) enacted in the interaction (see examples in Figure 1).

Deriving time-dependent quality features. For deriving the quality features, we coded the length of
every student’s utterance within the 30 hours of video-recorded discussions, on a task, after a teacher’s
move and within the rated discourse practice. Then, eight quality features were derived based on task-
based, move-based, or practice-based operationalizations as relative lengths in percentages of the time-
on-task (see Table 1).

Quality feature Operationalization of the quality features M (SD)
(Relative length of... out of time on task)

Talk-related activation TA all students’ talk 33.4% (14%)

Discursive activation =~ DA-t  group time spent on discursively rich tasks 11.0% (8%)
DA-p group talk on rich discourse practices 16.8% (7%)

Conceptual activation CA-t  group time spent on conceptually rich tasks 77.4% (11%)
CA-m group tome spent on conceptually rich moves  35.3% (13%)

CA-p group talk on conceptual practices 12.1% (7%)

Lexical activation LA-t  group time spent on tasks for lexical learning  10.7% (9%)

LA-m group time spent on moves on lexical learning 42.4% (13%)

Table 1: Operationalization of eight quality features and their distribution
with mean (and SD) for relative lengths

Statistical analysis by regression models predicting learning outcomes. To analyze to which extent
the rich practices co-occurred, we determined correlations between quality features. To analyze how
the quality features impacted learning gains, we calculated multiple regression models with the fraction
posttest score as outcome variable (also multilevel models were determined that revealed the same
results and a low ICC of 0.12). Three controlled variables turned out to be significant predictors for
the learning outcome: the fraction pretest score (with a standardized regression coefficient of f = 0.52—
0.54, p <.001, in each of the eight models), general cognitive ability (8= 0.18, p <.01), and the school
context (f = -0.28-0.30, p < .001), while multilingual background, immigrant status, and academic
language proficiency were not significant. We tested eight separate models due to high correlations
between the quality features (Prediger et al., online first) to determine whether the quality features
explained variance of learning outcomes in addition to the three individual variables.




Task and its basic rating

Three teams competed in

goal wall shooting.

¢ Boys scored 4 out of 5 shots.

¢ Girls scored 8 out of 10 shots.

¢ Teachers 16 out of 20 shots.
Which team won the competition?
THINK: Write down your judgment.
PAIR: Discuss and justify them.

Basic rating
of moves

52 Muller:
Conceptually

rich move
53 Chris:

54 Mia:

* Conceptually rich task:
apply part-whole concepts

* Discursively rich task:
justify decisions

* Not lexically rich task: no
explicit language use elicited

CA-t Task-based Conceptual

Activation: Relative group time

% 55 Muller:

Conceptually 56 Mia:

rich move

ey 57 Muller:
Conceptually

rich move )
58 Chris:

59 Jan:

———) 60 Muller:
Conceptually
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Transcript excerpt from John Muller’s small group A,

I've already seen you have different results. ... can [you]

first argue why you think the boys' group won?

Uh, because they shot five times and hit four, so that's more shots
succeeded than the girls.

But then you have to find a common denominator first.

That's not possible.

How would you argue?

Actually, everyone scored the same goals, 8/10.

[to Chris and Jan] Guys, what would you say? [... 3 sentences]
Could we say that’s the same?

No.

Eh, eh [denying].

No? We had the task with the chocolate earlier. There were shares,
we found, if you put one chocolate in 4/5 and the other, 8/10. ...

Basic rating of
co-constructed practices

Conceptually rich practice
Discursively rich practice

I Discursively rich practice

Conceptually rich practice
Discursively rich practice

Conceptually rich practice

rich move . . . .
Discursively rich practice

Was that the same? Or was it more? ... What did we say about it?

[8 secs break]

Or maybe it's enough if you look at this [shows
the equivalence of fractions in the bar board]:  eeemem———
If you take a look at the 4/5 and the 8/10. \ ‘
Earlier we were looking for equal shares. ; T
E.g., we said that 4/5 is the same size as 8/10. . | | !

[5 sec. break] So, say that boys and girls ...?
Are the same.

Are the same.

(with nearly
no student talk)

1 move

61 Jan:
62 Muller:

CA-p Practice based Conceptual Activation:
Relative length of students’ talk

CA-m Move-based Conceptual
Activation: Relative group time

spent on conceptually rich tasks

Task and its basic rating

Three teams competed in

goal wall shooting.

¢ Boys scored 4 out of 5 shots.

¢ Girls scored 8 out of 10 shots.

¢ Teachers 16 out of 20 shots.
Which team won the competition?
THINK: Write down your
judgment.

PAIR: Discuss and justify them.

* Conceptually rich task:
apply part-whole concepts

* Discursively rich task:
justify decisions

* Not lexically rich task: no
explicit language use elicited

task

=

CA-t Task-based Conceptual

Activation: Relative group time

spent on conceptually rich moves in conceptually rich practices

Basic rating of
co-constructed practices

Basic rating

o 2,
of moves Transcript excerpt from John Muller’s small group B,

162 Muller:  Helena, what do you mean? You wrote something.
Conceptually
rich move 163 Helena: | thought that the boys won because they only missed one shot.
164 Muller:  They only missed one shot.
165 Helena:  Yes.
166 Muller:  Okay ... okay
167 Fred: I've changed my mind and say that everyone won equally,

SO no one won.

e 168 Mulller:  Okay, explain that.

Conceptually

rich move 169 Fred: | would have thought so now, because the ... the boys missed Conceptually rich practice
one shot out of five. And the double would be two shots missed ) ; ) )
X N Discursively rich practice
out of ten, and the girls did. Yes, so they would be the same.
1 think so. And if they miss two out of ten and ten is always
double, that's twenty.
170 Peyam:  Right!
o 171 Fred: And double two is four. And the teachers have missed four times,
3 so they're all equal. So all five shots hit, one misses.
173 Helena:  Right!
; 174 Muller:  Okay ...

CA-m Move-based Conceptual
Activation: Relative group time
spent on conceptually rich moves

CA-p Practice based Conceptual Activation:
Relative length of students’ talk

spent on conceptually rich tasks

in conceptually rich practices

Figure 1: Example task and two transcripts with their basic ratings and derived quality features

(Quabeck et al., in press)
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RESULTS
Ilustration by examples

To illustrate the meaning of the ratings and derived quality features, we present two example
transcripts from the same teacher, here called John Muller who taught two different small groups on
different days. Figure 1 shows two excerpts of his teacher-led group discussions with the basic rating
of tasks, moves, and practices regarding conceptual richness.

John Muller worked with the same conceptually and discursively rich task and had prepared the same
conceptually, discursively, and lexically rich teacher moves (exemplified in Figure 1 for conceptually
rich moves). However, the transcripts illustrate his stronger challenges to elicit substantial speech from
the students in small group Ar (i.e., more than two-word answers, as in Turn 58/59). So, he changed
his follow-up moves to work with the resulting discourse practices, which varied in quality and in
student contributions. In small group Bs, a single move elicits much richer practices, in the at-risk
context, he finally gives the explanation himself.

As the rating of the transcript in Figure 1 already indicates, conceptually rich and discursively rich
moves and practices often coincide, but are not identical. Lexical richness was coded, e.g. for teachers’
moves in Turn 162 and 168, when the teacher provides opportunities for applying learned vocabulary
in rich contexts (not printed). While all moves in the transcripts are conceptually and discursively rich,
the initiated practices vary in conceptual richness (e.g., when Mia only describes the procedure in a
discursively rich but conceptually poor contribution in Turn 54), and massively in students’ talk time
in these practices.

From these ratings, time measurements are used to derive quality features, exemplified for CA-t, CA-
m, CA-p. The concrete operationalizations are listed in Table 2.

For statistically examining to what extent students’ learning gains are predicted by relative lengths of
conceptually, discursively, and lexically rich interactional practices in which their teachers engage
them, we determined the regression models for eight quality features of teachers’ enacted activation.
Table 2 lists the standardized regression coefficients.

Quality feature Operationalization of the quality features p for quality p for interaction
(Relative length of... out of time on task) feature term with at-risk
Talk-related TA  all students’ talk -0.01 0.01
activation
Conceptual CA-t group time spent on conceptually rich tasks -0.01 0.00
activation CA-m group time spent on conceptually rich moves  0.11 -0.05
CA-p group talk on conceptual practices -0.13 0.21**
Discursive DA-t group time spent on discursively rich tasks -0.06 0.12
activation DA-p group talk on rich discourse practices -0.08 0.14
Lexical LA-t group time spent on tasks for lexical learning  -0.01 0.09
activation LA- m group time spent on moves on lexical learning  0.19** -0.09

Table 2: Operationalization of eight quality features and standardized regression coefficients
in eight regression models predicting fraction learning outcomes (with three controlled variables)
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In the regression models, only two out of eight quality features were identified as significant predictors:
The move-based measure for lexical activation significantly predicted students’ learning outcomes
(f = 0.19 for LA-m). That means, when the more the teacher invited the students to use the offered
meaning-related phrases for expressing mathematical structures in informal but concise ways, the more
the students learned. More concisely, when the length of interaction dedicated to lexical activation
moves increases by one standard deviation, students’ posttest scores increase by 19% of a standard
deviation.

Furthermore, the interaction term between conceptual activation (f = 0.21 for CA-p x at-risk context)
and at-risk students is predictive for learning outcomes: While more time spent on conceptual practices
had a positive effect for students’ learning outcomes in at-risk contexts, this is not the case for students
in success contexts.

Neither the time spent for student talk nor task-related quality features (i.e., the relative time spent on
conceptually, discursively or lexically rich tasks) significantly predict the learning outcomes. The eight
regression models explain between 39% and 42% of variance in learning outcomes. More findings are
documented in Prediger et al. (online first).

Discussion

We have studied interactional practices in 49 teacher-led small groups. They all worked with the same
curriculum material for which the overall efficacy was already shown compared to a no-treatment
group with less conceptual, discursive, and lexical activation (Prediger et al., 2022).

Only two out of eight operationalized quality features for interactional practices revealed an additional
effect on learning outcomes, move-based lexical activation (L4-m) for all students, and practice-based
conceptual activation (CA-p) for students in at-risk contexts.

LA-m relates to the relative length of time spent on moves supporting lexical learning, this confirms
the relevance of interactional practices for integrated work on vocabulary (Gibbons, 2002).

Particularly for at-risk students, the interaction term with conceptual practices was significantly
predictive for the learning outcomes. That means, the longer at-risk students are engaged in conceptual
practices (e.g., in explaining meanings for mathematical concepts), the deeper they develop their
fraction understanding.

By this result, we were able to transfer repeated quantitative findings on required conceptual focus of
tasks (Hiebert & Grouws, 2007) to conceptual discourse practices which were formerly mainly studied
qualitatively.

Methodologically, the predictive power of quality features was shown to vary strongly with their op-
erationalizations. This calls for reporting operationalization decisions much more transparently in re-
search papers to allow for methodologically sound comparisons (Bostic et al., 2021). Of course, the
findings must be interpreted with respect to the limitation of relatively small sample sizes for the quan-
titative analysis. In future studies, larger group numbers and larger group sizes should be reached to
allow for multilevel modelling. More ecological validity will be reached by also studying whole clas-
ses with 25-30 students rather than small groups of 3-6 students.
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