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Abstract. Many qualitative studies in the context of research on fostering (language learners’) conceptual
understanding of mathematics highlight the crucial role of quality of classroom interaction. To disentangle this
complex phenomenon, we give an overview on related studies and deduce categories for the quality of classroom
interaction for both, teachers’ measures for activating students and for students’ participation, referring to talk-
related, discursive, conceptual, and lexical dimensions of interaction. This disentangling can establish a theoretical
foundation for future research, as it provides directions for an operationalization for quantitative video-ratings as
well as contributes to researching the opportunity gap.

1. Introducing the need for disentangling quality dimensions

Inspired by Flanders’ (1970) seminal work on interaction analysis, researchers in mathematics
education and general education have tried to capture the quality of classroom interaction, first
by assessing mainly surface structures (e.g., talk time of teachers and students), and since the
1980ies also by deep qualitative analysis of the interaction pattern and their thematic focus
(e.g., Bauersfeld, 1988). Since then, the quality of classroom interaction has repeatedly been
identified as highly relevant for students’ access to mathematics, and it has been shown that it
is not pervasively established (Walshaw & Anthony, 2008). Although in classroom practices,
different quality aspects are often intertwined, mathematical aspects (conceptual focus or
cognitive demand) and talk-related aspects of interaction quality are of different nature, for
instance, a high student rate of talking-time does not automatically coincide with a high
cognitive demand. Little is known so far on how different quality aspects interact in detail,
partly because they are not yet systematically disentangled in different dimensions. This
chapter intends to contribute to their disentanglement and identification.

For the specific quality dimension of cognitive demand, Henningsen and Stein (1997)
have suggested two perspectives for their conceptualization, (1) by teachers’ choices of tasks
and their ways of enacting the cognitive activation in the interaction, (2) by students’ ways of
participation. These two perspectives, teachers’ activation and students’ participation in
classroom interaction, have proven suitable also for other dimensions such as the discursive
dimension and for the specific group of language learners, i.e. all children with low language
proficiency in the language of instruction, with or without migration background.

Qualitative studies have elaborated that classroom interaction is a crucial learning
opportunity for language learners only when they are engaged in rich discourse practices
(Barwell, 2012; Erath, Prediger, Quasthoff, & Heller, 2018; Moschkovich, 2013, 2015).



However in current teaching practices, the opportunity gap occurs with respect to both,
activation and participation: Language learners are often exposed to teaching practices with
lower degrees of teacher activation (Gresalfi, Martin, Hand, & Greeno, 2009). A second
limitation of learning opportunities for language learners can occur with respect to their
participation, when teacher activation is provided, but not accompanied by additional support
(Gibbons, 2002; Moschkovich, 2013; Smit, van Eerde, & Bakker, 2013; de Araujo, Roberts,
Willey, & Zahner, 2018).

So far, this research on quality of interaction in mathematics classrooms has mainly
adopted qualitative approaches. In order to strengthen the quantitative research base also for
discourse practices, this mainly theoretical chapter (which is an extended version of the
conference contribution Erath & Prediger, 2018) aims at systematizing existing approaches for
conceptualizing quality of classroom interaction. Furthermore, it contributes to refining the
construct of quality of interaction in a way that allows a later operationalization also for
quantitative research approaches, that disentangle several dimensions and coordinate always
both perspectives, teacher activation and student participation. This chapter therefore pursues
responses to the following question: How can the quality of interaction in mathematics
classrooms for language learners be disentangled into distinguishable dimensions which are
measurable in scale?

The first section provides an overview on existing approaches, systematized within the
supply-use-model (Fend, 1998; Helmke, 2009; Brithwiler & Blatchford, 2011) according to
their focus on teachers’ activation (supply) or students’ participation (use). The next section
suggests four dimensions, the talk-related, conceptual, discursive and lexical dimensions,
which are each conceptualized with respect to supply and use. A short transcript is presented
to illustrate how these dimensions can be distinguished and how they are intertwined. The
outlook briefly presents first suggestions for operationalizing the four dimensions and two
perspectives for quantitative video-ratings.

2. Developing a Theoretical Framework in four dimensions and
the supply and use perspective

2.1 Supply-use-model for framing the research overview

Henningsen and Stein’s (1997) distinction of teachers’ activation (by their choices of tasks and
their enactment in classroom interaction) and students’ participation (by their engagement with
tasks and cognitive activity) is not only relevant for capturing cognitive demands in classrooms,
it can be transferred also to other aspects. It provides an early example of describing learning
opportunities by both, the teachers’ supply of learning opportunities and students’ actual use
of these supplies. Fend (1998) and Helmke (2009) have elaborated the two perspectives by
establishing the so-called supply-use-model, which systematically considers the connections
between supplied learning opportunities and their use to full potential by students. The model
also includes the impact of supply and use on learning outcome as well as the individual and
contextual conditions which influence the learning outcomes (see Figure 1 adapted from
Helmke, 2009, and Brithwiler & Blatchford, 2011 by tailoring the entries of the boxes to the
categories identified as relevant for learning opportunities arising in interaction).
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Figure 1. Supply-use-model for researching instructional quality of classrooms

Within the supply-use-model, empirical findings on opportunity gaps could for example be
phrased as follows: Typical empirical results on the achievement gap between language
learners and more language proficient peers (e.g., Haag, Heppt, Stanat, Kuhl, & Pant, 2013)
can be traced back to an opportunity gap, i.e. the finding that language learners are more often
in classrooms in which low quality learning opportunities are supplied by the teachers (e.g.,
Flores, 2007; Gresalfi et al., 2009). Whereas the achievement gap focuses on outcomes, i.e. on
the observable problem that students from underprivileged groups (like immigrants, families
with low incomes, etc.) systematically underperform in school achievement tests, the
opportunity gap idea focuses on explaining this achievement gap. Therefore, it is crucial “to
analyze the practice and the structure of classrooms, schools, and districts” (Flores, 2007,
p. 32). This opportunity gap is also found in students’ participation: For example, Wilhelm,
Munter, and Jackson (2017) show in a quantitative study that students’ participation in high
quality discourse depends on the teachers’ explanations why these students have difficulties in
mathematics. Teachers who explain these difficulties by students’ family background
(including the language background) more often have classroom interactions with limited
student participation than those teachers who assign students’ difficulties to school factors such
as earlier learning experiences. Also, many other findings give hints to unequal activation
(supply) and participation (use) for language learners (DIME, 2007; Moschkovich, 2015),
although mostly without distinguishing the two.

2.2 Introducing four quality dimensions of mathematics classroom interaction

Whereas many professional development programs and also some research studies tend to
consider the quality of classroom interaction in one complex stance, it is worth to disentangle
the different foci these projects adopt. In the following sections, we will suggest to distinguish
the following four quality dimensions for classroom interaction (and then investigate them with
respect to their connections):



o The talk-related dimension refers to students’ general space to talk: How much time does
the teacher speak, how much space is left to student talk?

o The conceptual dimension refers to the epistemic quality of the talk with respect to forms of
knowledge and understanding: To what extend is conceptual knowledge addressed and
connected, to what extend procedural knowledge?

e The discursive dimension incorporates the discursive quality by valuing rich discourse
practices like explanations and argumentations more than one-word utterances or sequential
reports of solution pathways and descriptions.

o The lexical dimension refers to the specific support required for language learners: How
much learning opportunities are provided for lexical means which are required for the
discourse practices, and how are they embedded in the discourse practices?

This conceptualization of quality dimensions particularly allows to operationalize them on
scales with higher and lower quality. Whereas the first three dimensions are important for all
students, the lexical dimension can additionally be considered as specific for language learners,
as the following sections will show. In the following subsection, the four dimensions will be
grounded in literature reviews and elaborated in the supply perspective and use perspective.
Table 1 serves as advance organizer for easier access to reading.

Table 1. Systematizing categories for quality of classroom interaction

Talk-related Conceptual Discursive Lexical
dimension dimension dimension dimension
Supply perspective: Space for students’ talk Conceptual demands High discursive Providing integrated
Teachers’ intended in collective and meaning-related demands by lexical learning
activation discussions of learning requesting rich opportunities
mathematics opportunities discourse practices
Use perspective: Space of students’ talk Participation in Participation in rich ~ Taking up
Students’ enacted  in collective dis- meaning-related discourse practices  lexical learning
participation cussions of activities opportunities
mathematics

Talk-related dimension

The talk-related dimension captures interaction quality on a superficial level by quantitatively
examining teacher and students’ shares of talking in collective discussions of mathematics.
Thus, it refers to the amount of students’ talking time or turns, as activated by the teacher
(supply perspective) and enacted in classroom talk by students (use perspective). Even though
this dimension is restricted to time measurement or counting of turns, we include it as a quality
dimension in order to empirically investigate its role in quality of interaction and its interplay
with the other dimensions. The issue of limited student talk was already raised by Flanders
(1970) with his often cited “two thirds rule” (two thirds of the classroom time is taken by whole
class talk, of which two thirds are teachers’ talk time, whereas students talk one third of the



whole class time). He provided early quantitative evidence for teaching practices which do not
correspond to claimed quality standards. In the following years, more and more studies
underpinned the need for supplying more space for active student participation in collective
discussions about mathematics, mainly with the background of promoting the learning of
conceptual knowledge (see next subsection). One might hypothesize that this dimension is a
precondition for the other dimensions, but it is an empirical task to verify the hypothesis.

In quantitative research approaches, large video studies such as TIMSS-Video (Hiebert et
al., 2003) and PYTHAGORAS (Pauli & Lipowsky, 2007) examined the amount of student talk.
The quality dimension was operationalized individually for each student as well as class-wise
for capturing a supply condition even if the individual students do not use this supply. In
TIMSS-Video (Hiebert et al. 2003, p. 109), the ratio of teacher to student talk varies between
8:1 (United States) to 16:1 (Hong Kong SAR) which shows that limited student talk is common.
Furthermore, both studies use the length of student utterances as indicator for mathematical
sophistication of student participation, TIMSS-Video reveals “many brief opportunities for
students to talk while mathematical work was being done, and very few long opportunities”
(Hiebert et al., 2003, p. 113). PYTHAGORAS (Pauli & Lipowsky, 2007, p. 110) reveals that
on average, students have around 3 utterances per lesson in whole class discussions with a
length of around 5 to 6 words (in both cases high variation must be considered). However,
neither in supply perspective (capturing students’ talk opportunities as a whole) nor in use
perspective (capturing individual students’ talk time), immediate statistical connections could
be drawn to the learning gains (Pauli & Lipowsky, 2007; similar in Inagaki, Hatano, & Morita,
1998).

In qualitative research approaches, the missing space for student talk is problematized as
low quality since it provides limited opportunity for expressing and sharpening ideas; as
students’ articulation of only few words can hardly reveal cognitive activation (Lampert &
Cobb, 2003). This problem has been raised especially for underprivileged students, among
them language leamners. For example, Knapp and Shields (1990) talk about ‘children of
poverty’ including language learners that in their view would benefit from space for talking in
classroom discussions (without giving direct empirical evidence). Planas and Gorgori6 (2004)
show for immigrant language learners how their participation in discussions can be limited by
the interpretation of classroom norms in ways that impact on the distribution of the participation
time in favor of local learners who are proficient in the language of instruction and familiar to
these norms.

Even if most of the qualitative and quantitative studies emphasize that for learning
mathematics, not only the quantity of student talk but its quality matters, the difference is often
not explicitly captured in the empirical approaches (Walshaw & Anthony, 2008, p. 526). In our
approach, the talk-related dimension is captured separately for contrasting it to those
dimensions which seem to be more crucial for supporting students’ (conceptual) thinking, the
conceptual and discursive dimension.

Conceptual dimension

In their research overview, Hiebert and Grouws (2007) present studies that provide evidence
for effects of high quality teaching on students’ learning gains. One major feature of high
quality teaching is the focus on conceptual knowledge including conceptual and meaning



related understanding of mathematics. Most qualitative studies see alignment of a focus on
conceptual knowledge and high quality of discourse practices (e.g., Moschkovich, 2013; Erath
et al. 2018; Mercer, Wegerif, & Dawes, 1999). However, it is worth to distinguish them for
analytical purposes.

The conceptual dimension refers to the focus of the interaction on learning opportunities
for conceptual knowledge and rich mathematical ideas rather than procedures and facts.
Following Hiebert and Lefevre’s (1986) definition of conceptual knowledge as “connected web
of knowledge, a network in which the linking relationships are as prominent as the discrete
pieces of information” (pp. 3-4), drawing connections is key to this focus, as well as relating
multiple representations.

Already early studies point to the importance of student activation for the learning of
conceptual understanding. Hatano (1988) claims (without empirical evidence) that dialogical
interaction is one out of four conditions for students to acquire conceptual knowledge in the
context of problem solving. He focuses on the teachers’ role of providing opportunities for
student talk that especially serve to help students in elaborating and clarifying their
understanding. Also Ball (1993) focuses on teaching practices leading to a deep understanding
of mathematics. She qualitatively illustrates the importance of student talk in the
representational contexts for fractions in her own classroom. In both cases, the focus is on
teaching practice, so the importance of supplying conceptual learning opportunities is
highlighted, whereas students’ active participation in conceptual discourses is only implicitly
mentioned. An example for research that takes the learners more explicitly into account and
thus puts teacher-student interaction in the focus is Yackel and Cobb (1996). They show how
specific social and sociomathematical norms implemented in whole class discussions can open
space for rich student talk and argue how students’ increased participation in the talk influences
mathematical learning opportunities; as well as how negotiating what counts as a good
explanation contributes to the conceptual dimension in supply and use perspective which are
tightly intertwined in the interactionist approach.

The relevance of the conceptual dimension has been highlighted for all students (see the
research overview by Hiebert & Grouws, 2007). However, it is of specific importance for
underprivileged learners (Boaler, 2002) and language learners, as various studies point out
(e.g., Zahner, Velazquez, Moschkovich, Vahey, & Lara-Meloy, 2012; Prediger & Zindel,
2017). Each of these qualitative studies shows that for language learners, participation in
conceptually rich activities can be limited unless adequate support is provided, for example by
discursive scaffolding, graphical representations and the amplification of students’ meaning-
related language means which point to the discursive dimension (see next section).

For quantitative research, the conceptual dimension can be operationalized in the supply
perspective through the time spent on tasks focusing conceptual knowledge and the frequency
of teachers’ questions that maintain a focus on conceptual knowledge in the further interaction
(Pauli & Reusser, 2015). In the use perspective, it can be operationalized by investigating
students’ participation in concept-related activities (Zahner et al., 2012; Erath et al., 2018).

Discursive dimension

The discursive dimension refers to the prevalence of episodes of the interaction in which rich
discourse practices (i.e., explaining and arguing in contrast to telling and reporting) are made



relevant. This includes that students are demanded to contribute with more than single words
or half sentences, and their utterances are qualified according to their discursive complexity.
Thus, this dimension does not directly refer to the discussed mathematical content but relies on
a linguistic analysis and characterization of the interaction since it is incorporated from
Interactional Discourse Analysis (Erath et al., 2018). Nevertheless, in the presented study, the
notion rich discourse practices always implies a mathematical focus of the conversation.

Nevertheless, the hypothesized importance of the discursive dimension is deduced from
the conceptual dimension that is in the heart of mathematics education and points out that
meaningful learning of mathematics cannot be separated from and is intertwined with rich
discourse (Lampert & Cobb, 2003; Erath, 2017).

The quality of classroom discourse has been in the focus of classroom studies since many
years. Already in 2001, Brophy characterized quality teaching by teachers who invite students
to “develop explanations, make predictions, debate alternative approaches to problems . . .
[and] clarify or justify their assertions” (Brophy, 2001, p. 13), hence in a supply perspective,
and emphasized the need to involve all students.

Erath (2017) highlights that on the one hand especially explaining and arguing are
linguistically more demanding than reports or descriptions, but on the other hand these
challenging discourse practices are connected to talking about conceptual knowledge (Hiebert
& Lefevre, 1986) and thus are important discourse practices for a meaningful learning of
mathematics. This conceptualization of the discursive dimension is based on the understanding
that discourse practices always serve to solve a communication-related problem in a speech
community like math classrooms (Erath et al., 2018, displaying the perspective of Interactional
Discourse Analysis): For instance, explaining serves to convey or construct knowledge,
argumentation serves to negotiate divergent validity claims and reporting serves to
retrospectively articulate actions and processes (ibid., p. 168). Thus, the definition of the
discursive dimension is in line with research in mathematics education that can be framed as a
participationist perspective on mathematics classrooms (Sfard, 2008; Krummbheuer, 2011;
referring to Vygotsky, 1978). In this perspective, learning mathematics is intertwined with “a
process of enculturation into mathematical practices, including discursive practices (e.g., ways
of explaining, proving, or defining mathematical concepts)” (Barwell, 2014, p. 332).

Quantitative studies (Hiebert et al., 2003; Pauli & Lipowsky, 2007) cannot easily evaluate
the discursive quality as this requires a highly inferential rating. As a compensation, these large
video studies have included the length of students’ utterances as a first proxy to the level of
students’ participation in discourse practices. As many teachers do not provide many
opportunities for long utterances in the observed lessons, there is only a limited probability that
students actively participate in richer discourse practices (irrespective of its demands) that
exceed filling smaller slots. Furthermore, Pauli & Reusser (2015) analyze video data from the
PYTHAGRAS study and show that teachers’ questions and elicitations were mainly simple
‘recall questions’ and only very few student statements included justifications. Otherwise,
Erath et al. (2018) show in their small quantitative investigation that in the observed
mathematics classrooms, teacher demands for explanations and argumentations were most
frequent. Nevertheless, students’ shares of active participation in whole class discourse
practices varied considerably between classrooms.



Qualitative studies in the discursive dimension emphasize the importance of rich discourse
practices for fostering mathematical understanding (e.g., Barwell, 2012; Erath et al., 2018;
Moschkovich, 2015), especially for language learners. Mostly, this issue is addressed in
multilingual contexts (e.g., Zahner et al., 2012; Moschkovich, 2015) but increasingly expanded
to also include monolingual children with low language proficiency (Prediger & Wessel, 2018).
In each case, students’ passive (by listening to the conversation) or active (by talking)
participation in rich discourse practices have been shown to be a condition for deep
mathematics learning. This resonates with results from qualitative research on ‘argumentation’
in mathematics classrooms (for an overview for the supply perspective see Walshaw &
Anthony, 2008, p. 535; examples for more interaction-based studies are Yackel & Cobb, 1996;
Krummbheuer, 2011) that use different definitions of argumentation that can be subsumed under
the notions of explaining and arguing as defined above. All these qualitative studies emphasize
that the teacher’s steering alone is not sufficient to characterize discourse quality, the
interactionist nature of discourse requires to include the interactive mechanisms of co-
construction. As a consequence, the supply perspective does not only refer to teachers’ moves,
but also to students’ participation of all students together.

Summing up, the discursive dimension of classroom interaction quality refers to
individual students’ active participation in rich discourse practices (use perspective). The
supply perspective can be operationalized, on the one hand, by the discursive demands of tasks
and teacher moves and, on the other, by the average students’ participation. This is included as
a variable for supply quality since discourse is always co-constructed in the interaction, and
listening to rich discourse practices can be considered as a supplied learning opportunity.

Lexical dimension

The lexical dimension of classroom interaction quality refers to the ways in which language
learners are supported on the lexical level and to what extent students take on the offered lexical
means with respect to developing their academic and technical vocabulary in discursively rich
situations.

The lexical dimension has been shown to be particularly relevant for students with still
limited proficiency in the language of instruction, because when chosen wisely and introduced
in sustainable ways, the vocabulary can serve as a tool for participating in discourse practices
like explaining, arguing, describing, etc. (e.g., Gibbons, 2002; Prediger & Wessel, 2013; Smit
et al., 2013).

As language education research has identified, the quality in the lexical dimension depends
on the degree of discursive embeddedness of all vocabulary focus. That means, vocabulary
should not be offered and demanded for their own sake and in isolated ways, but by lexical
support that is integrated in meaningful communicative settings such as authentic discussions
(Lawrence, Crosson, Paré-Blagoev, & Snow, 2015). These quality criteria have also been
reconfirmed in qualitative mathematics education research on language learners (e.g., Smit et
al., 2013).

Additionally, the selection of vocabulary is crucial: It should not only contain technical
vocabulary, but also the meaning-related vocabulary required by discourse practices in
interactive meaning constructions. Vocabulary must be offered by rich input and good
opportunities of constructing meanings (supply perspective), but their learning by the students



also depends on repeated opportunities for probing and practicing them (Lawrence et al., 2015).
Students have different intensities in which they uptake the vocabulary, this has been made
visible by so-called trace analyses which explored the traces of students’ individual and
collective vocabulary inventions and uptakes (Prediger & Pohler, 2015).

Thus, the supply perspective of the lexical dimension is captured by teachers’ moves to
introduce, demand and support the lexical means (e.g., investigated by Smit et al., 2013), and
the use perspective by the degree to which the students adopt the newly introduced lexical
means (e.g., studied by Prediger & Pohler, 2015).

3. lllustrative case for disentangling four dimensions in two perspectives

For illustrating the four dimensions and two perspectives, and for showing that each of the
introduced four dimensions highlights different features of interaction, we present a transcript
from our intervention study MESUT, where students’ conceptual understanding of fractions
was fostered in a content- and language-integrated intervention (Prediger & Wessel, 2018).
Students already went through a teaching unit on fractions in their regular classroom but were
invited to remediation due to poor conceptual understanding. Multilingual and monolingual
seventh graders worked in groups of 3 to 6 with a teacher so that the interaction quality of 19
groups with identical (conceptually focused) teaching material could be compared. Here, we
focus on one group of mathematically weak seventh graders who conducted a rich activity of
drawing fraction bars for equivalent fractions (see Erath, 2017, for closer analysis). The task
(Figure 2) is part of the discursive-lexical material that follows the approaches of relating
representations and registers as well as micro- and macro scaffolding (Wessel & Erath, 2018;
Prediger & Wessel, 2013). Throughout the intervention, the fraction bar is a crucial
representation that is often used as medium to activate students’ meaningful understanding of
fractions.
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Figure 2. Task on the meaning of reducing and expanding fractions

In the episode, the students are supposed to consolidate their experiences by explaining a
pseudo-student’s utterance “If I’'m looking up, I’m portioning more coarsely!” as printed in the
task in Figure 2:

22 Dennis: I’d like to say something else



23 Teacher: W, What would you like to say?

24 Dennis: The numerator has split here, here is written eight and there four

25 Teacher: The numerator?

26 Dennis: Or the denominator, no idea, down there, I don’t know what it’s called

27 Teacher: The denominator

28 Dennis: Yes

29a Teacher: Exactly, and what..the denominator um divided by two, right so in half, and what does it
with the bar? [points to the bar in the task, 8 sec. break]

29b Teacher: Whereby do I see at the bar that down here, the denominator is eight and above four

30 Dennis: Because above#

31 Rahmiye: #It doubles

32 Teacher: Yes what doubles? Explain it

33 Rahmiye: The denominator

34 Teacher: The denominator from, from top to bottom it doubles, well, and how do I see it at the bar?

35 Dennis: Because the pieces are larger

36 Teacher: Exactly, how many pieces and this is related to your doubling or halving, how many pieces
are then one piece? If I'm looking the bottom up

37 Rahmiye: Two

38 Dennis: Two

39 Teacher: Correct yes, two pieces, make one lar... um, make one large and this is what Kenan means

with ’if I'm looking up I’'m portioning more coarsely’ [...]

In the talk-related dimension, the episode shows a high quality since the teacher initiates talk-
related activation by requesting students’ active contributions (Turns 23, 29, 32, 34) and
students try to fulfill the demand by talk-related participation.

The episode is also rich in the conceptual dimension as the task is intended to work on
students’ conceptual knowledge of connecting “finding equal shares” with the familiar
representation of the fraction bar.

In the discursive dimension, the episode must be split into two parts: Until Turn 29a, there
is a discursive activation by the teacher’s request for explanations, but Dennis shifts his
participation into a less rich discourse activity by describing the change of the written numbers
rather than explaining their meaning. Hence, his discursive participation in rich discourse
practices is more limited. In Turns 25 to 29a, the discursive activation is reduced for the sake
of the vocabulary work, in Turn 29a, the teacher embeds his lexical activation into the discourse
activity offered by Dennis. In Turn 29b, the discursive activation shifts again to the higher level
of explanations, but students’ participation stays very limited, as they mainly contribute single
words. One exception is Dennis’ utterance in Turn 35 that provides a more significant
contribution to the discourse practice of explanation. In the same Turn 35, Dennis also
participates in the lexical learning pathway as he adopts the meaning-related lexical means of
pieces that become larger. The episode closes with the teacher fulfilling his own discursive
demand for explaining the meaning of equivalent fraction. Thus, he provides a conceptual
learning opportunity, but students’ limited conceptual participation coincides with their limited



discursive participation which can have various reasons, e.g., not being socialized into rich
discourse practices. The reasons, however, go beyond our analysis.

This brief analysis suggests that the distinction of dimensions enables us to analyze their
interplay. Within each dimension, it is crucial to distinguish between teachers’ intended
activation and students’ enacted participation (see Table 1). The quality of an interaction seems
to depend on both.

4. Outlook: operationalizing the Dimensions for video-rating

After disentangling the four dimensions into eight categories (in supply and use perspective
each) and showing the importance of this step qualitatively, the next step towards a quantitative
video-rating is the operationalization of the eight categories. The aim of the operationalization
is to gain scales into which quality can be measured between low and high. In a next step, the
underlying assumptions of what constitutes factors that promote learning gains are tested in the
video data by relating them to students’ learning gains as usual in quality of instruction research
(Helmke, 2009; Hiebert & Grouws, 2007). Only after this step, we can be sure that the “quality
scale” really deserves this name by really having a measurable statistical connection to the
learning gains. Currently, we can only provide an outlook on these steps by briefly presenting
our suggestions that are still under construction and further refinement.

As a tool for the operationalization, several basic codings are conducted on the tasks and
the video data for determining frequencies. All tasks are categorized as having a lexical,
conceptual or procedural focus as well as oral or written discursive demands that are further
classified as sequencing (describing, reporting,...) or integrating (explaining, arguing,...). In
the video data, each speaker’s time spent on the different tasks (without time for general
organization) is captured and can be summed up to the total time on task. Each speaker’s times
spent on richer or less rich discourse practices as well as single-word utterances are coded.
Besides the overlapping time measurements, all teacher moves are coded as focusing
discursive, lexical, conceptual or procedural aspects. For further investigating the lexical
dimension, a simplified version of trace analysis (Prediger & Pdhler, 2015) is applied that
relates the number of offered lexical means to those students’ take up. More precisely, we count
how many of the written offered formal and meaning related expressions are taken up by
students in their oral utterances. By these basic codings, the quality criteria can be specified as
follows:

Operationalizing teachers’ intended activation (supply perspective)

The operationalizations of teachers’ activation refer to time units which are coded several times
in the different dimensions:

e Criteria for the talk-related activation are operationalized as (TA1) the percentage of all
students’ talking time related to the groups’ complete time on task, and as (TA2) the
percentage of time that the teacher is not speaking in the time on task, which operationalizes
the time for oral and written talk in whole group phases as well as in pair work and individual
seatwork.



e Criteria for the discursive activation are focusing the written or oral production of or
contribution to discourse practices. On the written level, discursive activation is
operationalized as (DA1) the percentage of time spent on writing tasks requesting discourse
practices (including the time of orally reviewing these texts) in the time on task (for the
whole lesson). On the oral level, two operationalizations are relevant: (DA2) grasps the
percentage of time spent on discursive sequences of students and teacher together in the time
on task, whereas (DA3) captures only the students’ percentage of time spent on discursive
sequences in the time on task.

o Criteria for the conceptual activation are proposed on the levels of tasks, teacher moves, and
oral discourse. On the level of tasks, conceptual activation is operationalized (CAl) as
percentage of time spent on tasks with conceptual focus in the time on task. On the level of
teacher moves, it is operationalized (CA2) as percentage of teacher moves with conceptual
focus in all teacher moves. On the level of oral discourse, conceptual activation is captured
(CA3) as percentage of all students’ time in sequences with integrating discourse in the time
on task.

o Criteria for the lexical activation are suggested for tasks and for teacher moves: (LA1)
operationalizes lexical activation as percentage of time spent on working on subtasks with
lexical focus in the time on task. (LA2) operationalizes it as percentage of teacher moves
with lexical focus in all teacher moves.

Operationalizing students’ participation (use perspective)
In each dimension, students’ participation is operationalized for each student:

o Criteria for talk-related participation are operationalized (TP1) as percentage of individual
talking time in the time on task, and (TP2) as percentage of individual talking time in the
talking time of all students.

o Criteria for discursive participation are operationalized (DP1) as percentage of individual
time in discursive sequences in the time on task, and (DP2) as percentage of individual
talking time in the time spent on tasks demanding written texts.

e Criteria for conceptual participation are operationalized (CP1) as percentage of individual
time in sequences with integrating discourse practices in the time on task, and (CP2) as
percentage of individual talking time in the time spent on tasks with conceptual focus.

o Criteria for lexical participation are operationalized (LP1) as percentage of the picked up
terms, and (LP2) as percentage of individual talking time in the time spent on tasks with
lexical focus.

Next steps towards a quantitative video-rating study

First quantitative data point to interesting insights into which aspects of quality interaction
correlate with students’ learning gains. For example, activation seems to be more important
than the individual use of the supplied learning opportunities. Of course, these first findings
must be interpreted carefully. Thus, we are currently working on further refining the
operationalized criteria of the four dimensions in supply and use perspective as well as applying
them to a large data base of video-recorded lessons on the conceptual understanding of fractions



in the project MESUT 2. Afterwards, we will study their correlations with students’ learning
gains in conceptual understanding.

We hope to find statistical connections in the data because this would help to overcome
the actual limitation of quantitative research to language issues on the discourse level rather
than focusing only on phenomena on the lexical and syntactical level.

Furthermore, our results will inform teaching practice by pointing to the components of quality
interaction that are especially important for (language) learners’ conceptual understanding of
mathematics. For this purpose, we will prepare a video-based professional development which
allows to discuss the different quality dimensions with teachers and sensitize for the subtle
differences of the dimensions.
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