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1. Introduction: classroom interaction as a twofold learning context

Classroom talk is a learning environment and thus enables subject matter learning. Aside from
this obvious fact, classroom talk is also a type of verbal interaction. For non-institutional inter-
action, research on language and discourse acquisition has revealed the hidden function of cer-
tain participatory patterns of adult-child-interaction (Bruner 1983; Hausendorf & Quasthoff
1992a, Hausendorf & Quasthoff 1992b; Snow 1995). The notion of “participatory pattern” is
used here to refer to recurrent and observable ‘divisions of labor’ between adults and children
in the interactive achievement of discursive activities such as storytelling, explaining, and ar-
guing. Interactive patterns that entail discursive demands as well as support were found to ful-
fill a “hidden’ function: they are not only decisive for securing mutual understanding but also
provide a decisive resource for discourse acquisition. From an applied-linguistic perspective,
it therefore seems natural to ask if and in which way classroom interaction is also an implicit
context for the acquisition of particular linguistic skills (Tuyay et al. 1995; Heller 2016). The
acquisition of academic discourse practices (Schleppegrell 2004; Snow and Uccelli 2009; Hel-
ler and Morek 2015; Kobayashi et al. 2017; Kaintd 2020) is pertinent, since it is tightly con-
nected to the institutional requirements of schools. For children aged 10-11 years, who are the
focus of this study, global discourse structures and genres such as explaining and argumenta-
tion are one major aspect on the developmental agenda of expanding linguistic skills for edu-
cational purposes (Erath et al. 2018).



Traditionally, learning potentials of classroom interaction for subject-matter and linguistic
learning have been investigated separately by different disciplines such as general education or
subject-matter education on the one hand and linguistic research on classroom discourse on the
other hand (Rex and Green 2007). The present study considers classroom talk to be a potential
context for both discursive and subject-matter learning. To investigate the interplay of discur-
sive and subject-matter learning we pursue two independent analytic approaches and compare
their results: a sequential analysis of classroom discourse and a description of content-related
“epistemic pathways,” by which teachers guide students’ subject-matter learning. Thus, our
interdisciplinary approach makes use of two separate research traditions: The sequential recon-
struction of participatory patterns in classroom talk is inspired by the basic assumptions and
procedures of conversation analysis, with a special focus on discursive genres. The content-
oriented analysis of teachers’ classroom activities is rooted in subject-matter education research
from the perspective of mathematics education. Combining these different methods and re-
search traditions was prompted by an increasing interest in the role of classroom interaction in
subject matter learning (Breidenstein and Tyagunova 2020); the interdisciplinary approach de-
veloped here aims to reconstruct different participatory patterns in classroom interaction that
entail specific opportunities for language and content learning. This is expected to gain new
insight into how learning in the two domains is interrelated.

After describing our combined analytical approach in section 3, we turn to our first research
question (how can patterns of classroom talk in mathematics lessons support or hinder the ac-
quisition of academic discourse competence and subject matter learning?). Based on sequences
of explanatory talk in mathematics instruction, we first describe a participatory pattern that
entails opportunities for both discursive and content-related learning (section 4.1). Section 4.2
presents a participatory pattern that provides limited opportunities for discursive and subject-
matter learning. The second research question (how are these two learning domains related?)
is tackled by demonstrating how the co-construction of discursive practices and epistemic path-
ways in both patterns correspond. Based on these empirical observations on converging dis-
cursive and content learning opportunities, section 5 discusses their interconnectedness theo-
retically.

2. Theoretical frame

2.1 Classroom talk as context for language and subject-matter learning

The idea that classroom interactions are a central vehicle for subject and/or language learning
is not new. However, the question of how exactly subject and language learning are connected
has only been explored to a limited extent.! In their meta-study, Howe and Abedin (2013: 325)
conclude “that much more is known about how classroom dialogue is organized than about
whether certain modes of organization are more beneficial than others.”

'In the CLIL framework (Dalton-Puffer 2007; Nikola et al. 2016), the convergence of content and language
learning is at the root of the educational program as such. Here, a foreign language is the language of instruction
and thus has a special status as a subject of learning. In contrast, we are interested in the interplay of linguistic
and content learning in classroom talk, in which the official language of the country is the medium of instruction.
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Concepts such as “dialogic teaching” (Alexander 2006), “micro scaffolding” (Gibbons 2002),
or “accountable talk” (Resnick 1995, Michaels et al. 2013, Pehmer et al. 2015, van der Veen
et al. 2017; Pauli and Reusser 2018) are based on the assumption that a participatory organi-
zation of classroom discussions that encourages students to explore ideas, support claims and
explain concepts has a positive effect on subject-matter learning. The question of whether
such patterns of classroom talk also require or coincide with language learning has received
less attention (Heller and Morek 2019).

An exception is the scaffolding approach, which is anchored in Vygotsky’s work and was
originally developed to provide integrated support for subject-matter learning and second lan-
guage learning (Gibbons 2002; Hammond and Gibbons 2005). The approach is now also
widely used for monolingual children (e.g., Smit and van Eerde 2013). Drawing on systemic
functional linguistics, Gibbons and Hamond assume that content learning is based on “literate
talk,” a specific register characterized by an “increasingly abstract and metaphorical language.”
For the acquisition of the register, they conceptualize scaffolding at the macro level of lesson
planning and the micro level of classroom interaction. Building on this work, Smit and van
Eerde (2013) identify three core components of whole class scaffolding: “diagnosis, respon-
siveness (the adaptive core of the support provided), and handover to independence” (ibid.:
22). They examine actual learning effects of scaffolding by tracing shifts from high-support to
low-support strategies over the course of a mathematical unit (on the interpretation of dia-
grams) (Smit & van Eerde 2013: 26). Indeed, such a shift could be observed, coupled with the
fact that students had a larger subject-specific vocabulary after the nine lessons. The study thus
provides evidence that certain patterns of classroom interaction are conducive to both language
and subject-matter learning. What remains unclear, however, is exactly how the two are related.

It is precisely this gap in research that this study seeks to fill. It draws on two approaches to
understand how exactly language and subject-matter learning are interrelated in classroom dis-
cussions. In doing so, we assume that discursive genres such as explaining and arguing play a
special role in integrated language and subject-matter learning. Our assumption is based on
empirical evidence that explaining and arguing (as opposed to narrating and reporting) are par-
ticularly frequent activities in classroom discussions beyond primary school (Morek 2016; Hel-
ler et al. 2017; Erath et al. 2018). Thus, they seem to have a special potential for dealing with
the epistemic complexities of subject-matter learning. At the same time, their acquisition takes
a long time and extends over the course of the entire school period (e.g., Heller and Krah 2015;
Grover et al. 2019; Kreuz and Luginbiihl 2020; Quasthoff et al. 2021). Our conceptualization
of discursive genre will be explained in more detail in the following chapter.

2.2 Genres in classroom interaction: explanation and argumentation

Inspired by the sociology of knowledge (Bergmann and Luckmann 1995) and linguistic an-
thropology (Hanks 1987), we conceptualize genres as discursive practices, e.g., sequentially
organized oral everyday activities (storytelling, explaining a procedure, arguing about a con-
troversial question). Genres can be seen as routinized and sequentially organized communica-
tive solutions to recurrent communicative problems of a speech community (Bergmann and
Luckmann 1995: 291). For example, explaining in mundane talk-in-interaction serves to con-
struct knowledge on the part of an addressee who has or is assumed to have a particular



knowledge deficit (Antaki 1994; Goldberg 1975; Keppler and Luckmann 1991; Morek 2012).
In contrast, argumentations serve to articulate and explore (potential) problems and to deal with
divergent validity claims (Heller 2014; Quasthoff et al. 2017). The sequential organization of
discursive genres involves a series of organizational jobs (Sacks 1995, 11, Lecture 3) that need
to be interactively fulfilled by the participants (section 3.2). Participants’ contributions to these
jobs depend on the interactive roles they assume (e.g., explainer-recipient; proponent-oppo-
nent). Furthermore, discursive genres are sequentially projected by utterance types that estab-
lish a global sequential implication. The latter require the next speaker to produce a “big pack-
age” (Sacks 1995, 11, Lecture 3) of a particular type, e.g., an explanation or argument. Since
explanatory and argumentative packages involve the coherent and logical combination of sev-
eral turn constructional units, they demand complex linguistic activities from the students.

This is where the question in which way genres are realized differently in non-institutional
interaction and classrooms (Ehlich and Rehbein 1986; Aukrust and Snow 1998; Snow and
Blum-Kulka 2002; Heller 2014; Morek 2012) becomes relevant. For instance, explaining in
everyday interaction is typically used to provide conversationally relevant knowledge to a par-
ticipant who displays not to share this knowledge (Morek 2012). The same genre pattern of
“explicating (generic) knowledge” in classroom discourse, however, is typically applied by
teachers to check knowledge (Koole 2010), guide knowledge constitution processes on the part
of the students (Heller 2016) or transmit knowledge themselves. Aside from “solistic explana-
tions” (Morek 2012), students are often only asked to supply single elements of an explanation
(“orchestrated explaining,” Morek 2012), which the teacher then combines into a coherent
whole (Dalton-Puffer 2007: 158; Voigt 1985).

The analytic tool GLOBE (section 3.2 below) serves as a methodological framework to
grasp the processes of genre constitution in global (classroom) talk and is complemented by an
analytic framework for the epistemic paths in classroom interaction.

3. Data and methods

3.1 Data

The research questions were pursued in a non-interventionist video observation study, as video
data allows the researchers to investigate the classroom interaction in depth. The video data
was captured by several cameras in the interdisciplinary project InterPass? in socially hetero-
geneous grade 5 classrooms including multilingual students, with German as the language of
instruction. Grade 5 was chosen because it is the first year of German secondary schools, so
that transition processes to higher language demands were assumed to become particularly vis-
ible. 120 mathematics and German language lessons in five classes (n=149 students and 10
teachers) were video-recorded immediately after students’ transition to secondary school and
six months later. From this large data corpus, the empirical part of this paper selected two

2 The research project Interpass — “Interactive procedures of establishing matches and divergences for linguis-

tic and microcultural practices” — was funded by the German federal ministry of education and research
BMBEF (grant 01JC1112 to Uta Quasthoff/Susanne Prediger).



episodes with mathematical contents, multiplication of decimal numbers and diagrams. They
were selected here due to their potential to illustrate the main phenomena in view.

For the data preparation, genre-related activities in whole-class discussions were identified
and transcribed according to the notation conventions of Gesprdchsanalytisches Transkrip-
tionssystem 2 (GAT 2) (Selting et al 2011). Sections 3.2 and 3.3 describe the methods used in
analyzing the data.

3.2 Sequential analysis of explanations from the linguistic perspective

In order to investigate learning opportunities for discourse and subject-matter skills in class-
room interaction, we focus on how teachers organize explanatory activities and share respec-
tive responsibilities, thus creating different participatory opportunities for students on the com-
municative as well as the content level.

The linguistic analysis of the explanatory activities makes use of GLOBE (Table 1), a tool
that integrates the genre-orientation and the sequential organization of discourse units. GLOBE
(Hausendorf & Quasthoff 1992b, Quasthoff 2012; Quasthoff et al. 2017), which is applicable
to different genres, provides for three levels of analytic description, which we elaborate here
only with respect to explanations.

Table 1. Descriptive levels of GLOBE (Quasthoff et al. 2017)

Descriptive levels Analytical focus

Jobs Dyad/interactional team: global explanatory tasks to be fulfilled/accomplished
jointly be the participants

Devices Explainer/recipient: pragmatic moves designed to the fulfillment of the jobs, includ-
ing structural devices to textualize an explanatory big package

Forms Linguistic, prosodic and nonverbal resources for realizing the devices

The jobs represent the genre-specific conversational tasks participants are required to jointly
deal with when accomplishing an explanation. The following five interactional, sequentially
ordered jobs have been identified (Morek 2012) and empirically verified in various corpora
(Quasthoff et al. 2017):

(1) Establishing topical relevance

(2) Constituting an explanandum

(3) Explicating procedural, conceptual or causal relation (core job)
(4) Closing the explanation

(5) Managing the transition to the subsequent turn-by-turn activity

The jobs allow function-based comparisons across different groups of speakers, genres and
contexts. In the analysis of classroom interaction they provide the descriptive format to look at
how different teachers involve students in explanatory tasks.



Whereas the jobs represent the organizing tasks to be fulfilled jointly by the participants,
devices describe each participant’s contributions to the jobs. On this analytic level, the single
utterances of both explainer and recipient respectively are addressed. Accordingly, GLOBE
asks with respect to the conversational work “what is done” on the level of jobs and “who does
what when?” on the level of devices. Devices are largely preorganized by the genres. In this
way, a teacher’s question “why does one use diagrams?”’ constitutes an explanandum, whereas
the question “what do you think is right, solution A or solution B?”” would be a prompt to an
argumentation.

Finally, with the third level of forms GLOBE refers to the question “how is it done?”, the
linguistic, prosodic and non-verbal realizations of the devices, the “observables.”

By reconstructing the interactive accomplishment of conversational jobs and each partici-
pant’s contributions to these jobs in terms of devices and forms, GLOBE allows for the co-
constructedness of teachers’ and students’ moves in classroom talk and while still addressing
their respective shares in the joint achievement. For instance, by looking at teachers’ devices
in constituting an explanandum, it can be compared how teachers allocate particular shares of
the jobs to students, thus establishing more or less challenging communicative demands and
acquisitional opportunities (for details see sample analyses in section 4).

3.3 Analysis from the epistemic perspective of subject-matter learning

As has been pointed out above, in order to investigate the relationship of content and linguistic
learning, teachers’ steering activities in classrooms need not only to be analyzed sequentially
as genre-based chains of global and local contributions, but also from an epistemic perspective
of subject-matter teaching and learning. Therefore, the two project members with expertise in
mathematics didactics developed an analytical approach that focusses on “epistemic path-
ways,” i.e. the professionally steered, subject-specific processes of shared knowledge consti-
tution in explanatory activities (Prediger and Erath 2014).

In this perspective, explanations in learning discourse are considered as means of building
and connecting knowledge by linking a logical level (the issue that is treated in the respective
sequence) to an epistemic mode (the procedure by which the issue is dealt with). In order to
systematically grasp the epistemic character of teaching sequences, Prediger and Erath (2014)
developed an analytical tool referred to as the epistemic matrix (see fig. 1 adapted from An-
derson and Krahwohl 2001).

epistemic modes | ing & Explicit

naming formulation

Meaning &

Exemplification :
connection

Purpose Evaluation
logical levels
Conceptual levels
Concepts

Propositions

Semiotic representations
Models

Procedural levels
Conventional rules
Procedures

Concrete solutions

Figure 1. Epistemic matrix



In the rows of the epistemic matrix contributions to the joint explaining activity are distin-
guished with respect to the logical level of the instructional issue. Seven logical levels are dif-
ferentiated (indicated by “--*): The conceptual levels include:

--Concepts-- (e.g., ‘maximum’)

--Semiotic representations-- (e.g., a diagram itself)

--Mathematical models-- (addressing relations between reality and mathematics)
--Propositions-- (e.g., mathematical patterns)

The three procedural levels are

--Procedures-- (e.g., a general way of drawing a diagram),

--Conventional rules-- (e.g., “frequencies always on vertical axis”)

--Concrete solutions-- (e.g., individual solutions of a task).

The columns of the epistemic matrix distinguish six epistemic modes (indicated by “||”): ||la-
belling & naming|| is the only mode that can be addressed by a single word (e.g., ‘maximum’).
The mode ||explicit formulation|| includes definitions and theorems and is usually epistemically
more elaborate than the mode ||exemplification||, which addresses examples and counterexam-
ples. The mode ||meaning & connection|| comprises semantic aspects of the logical level, in-
cluding those that link to another level or mode. Thus, this mode can have different degrees of
epistemic elaboration. The mode |[purpose|| captures a functional approach (e.g., “in diagrams,
we see patterns more clearly”). Closely related is the mode ||evaluation|| which often occurs in
context of discussing and assessing solutions.

For the data analysis, each (complete or partial) contribution to an explanatory or argumen-
tative activity is characterized by the navigation through the addressed epistemic fields (i.e. the
combination of the addressed --logical level-- and ||epistemic mode||). Thus, in this analytical
approach, teachers’ epistemic steering activities are conceptualized as professionally navi-
gating through epistemic fields according to a concept of underlying teaching progression (Pre-
diger and Erath 2014). In contrast to the GLOBE analysis, which analytically uses what be-
comes manifest at each point in time in the sequential unfolding of the activity (and hence is
accessible to the participants), the epistemic analysis addresses teachers’ implicit plans with
regard to the professional steering of the intended epistemic progression, thus going beyond
the CA principle of relying on the audible and visible. In order to overcome the methodological
problem that teachers’ actual cognitive processes are not observable, this analysis also draws
on additional findings on teachers’ professional strategies as they are revealed in video-stimu-
lated group discussions on fragments of the classroom data (Heller et al. 2017).

To sum up, the epistemic perspective reconstructs classroom interaction in its quality as
professionally guided teaching/learning discourse, treating teachers’ activities as epistemically
oriented towards students’ knowledge construction. GLOBE reconstructs classroom interac-
tion in its quality as globally organized classroom discourse, treating teachers’ moves as se-
quentially enabling and requiring students’ subsequent global contributions. Thus, both ap-
proaches reconstruct a particular aspect of the learning context classroom interaction provides:
an opportunity for the acquisition of content and linguistic knowledge respectively. Combining
these approaches should reveal the interplay of subject-matter and linguistic learning in class-
rooms.



4. Analysis

The next two sections analyze contrasting ways of the teacher-student co-construction of ex-
planatory activities in math classrooms. Using GLOBE and the epistemic matrix in separate
analytic approaches we describe two different participation patterns and associated learning
opportunities for the students. These patterns are prototypical of different techniques employed
by teachers and found in the data (research question 1). The comparison of the linguistic and
subject-matter learning opportunities in the two modes of student participation demonstrates
the convergence of linguistic and content learning opportunities (research question 2) under
contrasting participatory conditions. The first pattern represents a — rather rare — form of
teacher-student cooperation granting students the floor to realize demanding contributions to
the discourse process and subject matter at hand. The students are here assigned the role of
principal contributors (section 4.1). The second pattern with its restricted participation rights
and low demands is more typical for classrooms. Here the students find themselves in the role
of small parts suppliers (section 4.2).

Note that by presenting the different participatory patterns we do not describe teaching
styles of single teachers but rather practices and their learning potential, independently of their
use in each teacher’s work.

4.1 Participatory pattern I: Students as principal contributors

The following excerpt can serve as an illustration for “solistic” (Morek 2012) explanations.
The fragment shows how mathematical learning opportunities with higher cognitive demands
are intertwined with discursive challenges and respective learning opportunities: The students
are expected to produce explanatory big packages as well as mathematical ideas in the role of
principal contributors. However, they are not only faced with demands, but also supported in
different ways in meeting these demands.

The scene took place in the middle of the school year in grade 5; the lesson dealt with the
multiplication of decimal numbers. Thasin, an eleven-year-old boy using German as a second
language, has expressed his confusion with the equation 19.8 x 0.708 = 14.0184, in which the
result is smaller than the factors, arguing that it does not correspond to the widely held intuition
that ‘multiplication makes bigger’ (Prediger 2008). The extract starts when the teacher asks
Thasin to elaborate once more why he was confused.

Extract (1) 02-1-MU-130215-01-Multiplication makes smaller

004 tea thasin SAG s nochmal; (.)
thasin say it again
005 was warum ist das MERKwiirdig dass da auf einmal ne VIERzehn rauskommt;
what why is this weird that suddenly a fourteen comes as result there
006 tha &ahm (.) weil (.) wenn man jetzt (.) ahm (.) eine zahl MAL rechnet,=
um because now if you um multiply a number
007 =abgesehen jetzt von ner NULL, (-)
apart from zero
008 wird die zahl GROBer (-) <<p>eigentlich;>=
the number gets bigger <<p>actually>
009 =vierzehn ist ja KLEIner als die neunzehn;

fourteen is smaller than the nineteen
010 sts ach SO;
I see



011 tea Jja (.) um s nochmal DEUTlich zu machen; (-)
yes to make that clear once more

012 THAsin sagt ja; (-)
Thasin says
013 MENSCH (.) eigentlich multiplizieren heiBt ja ich mache was GROBer; (-)

BOY usually multiplication means I make something bigger
014 Evan; (---)

Evan
015 dh MARkus; (--)
um Markus
016 a (.) auber dann bei NULL (.) ne; (.)
e exept zero right
017 dann kommt NULL raus; (.)
then the result is zero
018 das ist IMmer kleiner; (-)
this is always smaller
019 aber HIER jetzt auf einmal (---) kommt VIERzehn raus; (.)
but here now suddenly fourteen is the result
020 wie kommt DAS; (.)
how can that be
021 und das ist vo6llig RICHtig das ergebnis; (-)
and the result is completely right
022 WIE kommt es hier auf einmal; (.)
how does this suddenly come about here
023 dass ne KLEInere zahl rauskommt, (--)
that a smaller number is the result
024 lals (--) die mit der man HIER oben einsteigt; | (3.7)

than the one you start with here at the top
| ((points to the factor 19.8 on the blackboard)) |

025 SUper gesehen thasin; (---)
well observed thasin

026 THAsin (.) nimm mal (-) ein zweili leute dran-=
thasin take on one two people

027 =die dafiir ma ne erKLArung (.) suchen sollen;

who should search for an explanation for that

051 hat jemand NOCH ne andere erklarung; (1.8)

does anybody have another explanation
052 thasin du SELber;

thasin you yourself
053 tha okay (.) darf ich nach VORne kommen;

okay may I come to the front
054 tea JA klar;

yes sure
055 tha | (--) ALso-(2.6) |
well
| ((walks to the blackboard)) |
056 NULL mal neunzehn ist ja null; (-)
zero times nineteen equals zero
057 aber hier ist ja noch ein KOMma, (-)
but we have a point here
058 und das macht die null GRORer; (-)
and that makes the zero bigger
059 und DAnach steht ja noch was; (2.0)
and after it there is also something written
060 und (-) NULL ist ja immer dass es kleiner wird, (-)
and zero is always that it gets smaller
061 und weil s nicht (.) mal EINS ist (.) sondern WEniger; (1.3)
and because it’s not times one but less
062 ist es KLEIner als neunzehn;

it is smaller than nineteen
063 sts 1ich hab nichts verstanden;
I didn’t understand anything
064 tea versuch s NOCHmal; (-)
try it once more
065 aber moMENT; (.)
but one moment
066 bevor der thasin (.) die erKLArung nochmal startet, (-)



before thasin starts the explanation once more
067 Imach ich hier mal DAS hin; |
I'm putting this here
| ((changes 20 X 1 = 20 to 19 X 1=19 at the blackboard)) |
068 vielleicht kannst du DAS nutzen thasin;
maybe you can use this Thasin
069 tha oKAY; (-)

okay
070 NEUNzehn mal null (-) ist null; (-)
nineteen times zero equals zero
071 und NEUNzehn (.) neunzehn mal EINS ist neunzehn; (1.2)
and nineteen times one equals nineteen
072 und hier ist es ja (.) NULL komma siebenhundertacht; (-)
and here we got zero point seven hundred and eight
073 das LIEGT ja (.) ahm (-) das ist nicht mal EINS,=
this is um it’s not even times one
074 =aber auch nicht mal NULL; (.)
but also not times zero
075 deswegen muss es zwischen die NEUNzehn und die null liegen; (--)
that’s why it must be between the nineteen and the zero
076 es ist KLEIner als neunzehn,=
it’s smaller than nineteen
077 =aber ist groBer als NULL; (.)
but bigger than zero
078 das ist so UNgeféahr,

that’s roughly
079 sts dich verSTEH;
I understand
080 tea JA:;
yes

Sequential analysis using GLOBE

Thasin is faced with the teacher’s global demand to take over with an explanation: The request
to repeat what he has recognized to be “MERKwiirdig” (“weird”, 1. 4-5) establishes an ex-
planandum and thus steers into carrying out the explanative jobs. Thasin starts by explicating
his prior assumption that when multiplying “wird die zahl GROBer (-) <<p>eigentlich;>” (“the
number gets bigger actually”, 1. 8). The teacher ratifies the relevance of Thasin’s explanation
by reformulating his observation, granting him authorship (Goffman 1981) by the formulation
“um_s nochmal DEUTlich zu machen” (“to make it clear once more”, 1. 11). In this way, he
contributes to the closing of the explanative package by appreciating Thasin’s explanation as
correct. By elaborating it considerably he offers a more advanced linguistic model of the stu-
dent’s explanation.

The teacher then constitutes a new explanandum by topicalizing the mathematical causes
that bring about this unexpected result (1. 20; 22-24). Assigning Thasin the role of the moder-
ator (1. 26-27), other students get to produce the core job of explaining why and have a try at
clarifying the discrepancy (not included in the transcript).

After the attempts of his classmates (1. 52), Thasin uses common devices for textualizing
his explanation. He starts from common knowledge (“NULL mal neunzehn ist ja null” ( “zero
times nineteen equals zero”, 1. 56) and establishes a contrast in the course of the subsequent
step-by-step deduction. The contrast between “times zero” and “times one”, however, is not
clearly marked by verbal or prosodic forms. Thus, the mainly unconnected steps of the expla-
nation lack explicit causal integration before the conclusion is drawn (1. 61-62).

Possibly due to this lack of explicit marking, some students display their confusion (1. 63).
In this case the teacher asks the previous explainer, Thasin, to reformulate the explanation.
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Furthermore, he provides additional symbolic resources by writing another equation on the
board. Thus, the following explanatory big package (1. 69-78) is not projected as yet “another”
explanation, but as a second realization of a fextualization already given, oriented towards
making it more intelligible. Consequently, in his “second chance” Thasin’s explanatory work
addresses mainly the sequential structuring (level of devices) and the level of forms, explicating
each step of the explanation carefully. This time, the mentioned contrast is clearly marked by
contrasting the two variants and verbalizing another step, namely locating the factor between
zero and one: “das ist nicht mal EINS,=aber auch nicht mal NULL” (it’s not even times one
but also not times zero, 1. 72-74). Likewise, the conclusion (1. 75) is further explicated (1. 76-
77). Thus, Thasin has clearly worked on the task of ensuring understanding and enhancing the
explanation’s recipient-design (see also 1. 81).

In this overall pattern the teacher gave Thasin a chance to improve his explanation, drawing
on communicative (not didactic) functions by demanding a more intelligible version and at the
same time supporting him by a written hint on the blackboard. In interacting with Thasin the
teacher allows the necessary interactive space to provide an opportunity for the acquisition of
discourse and genre competence. Equally, he addresses the other students’ learning benefit by
treating Thasin’s revised explanation as a linguistic and subject-matter model (1. 83, 84). Con-
sequently, a classmate introduces her explanation (not included in the transcript) with explicit
reference to Thasin and also contextualizes her orientation to the purpose of making the first
explanation more intelligible.

To summarize, the sequential analysis with the help of GLOBE showed that this teacher’s
way of shaping the division of labor in the co-construction of the discourse units’ jobs is par-
ticipatory and the students are involved as principal contributors: Students are assigned tasks
that are communicatively demanding in that they are global in nature. They are expected to
textualize the global core job of explanations (explicating procedural, conceptual or causal re-
lations) with their own devices instead of only supplying small local moves. Thasin is also
deemed competent enough to repair his partly non-successful textualization on the form-level.
By contributing entire jobs to a collective problem-solving process, students are held respon-
sible for considerable parts in the collective problem-solving activity at hand.

The teacher’s particular professional teaching logic has not been revealed so far in this re-
construction of the sequential mechanisms and will be addressed below.

Epistemic analysis

In 1. 69-78, Thasin explains his own confusion as to the result of not being “bigger” with a
mathematically striking idea, based on considerations of monotonous growth of results (1. 55-
62, 69-78):

19x0=0
19.9 x 0.708 = 19 x 0.7 = 14 (must be between 0 and 19, so it is ok)

19x1=19

Figure 2. Blackboard
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The analysis by use of the epistemic matrix (see fig. 3 for the whole episode) shows that the

explanation mainly takes place in the epistemic mode ||meaning & connection||. Thasin (1. 6-9)

initiates a connection of different logical levels, namely the

e --Concrete solution-- (here the concrete equation 19.8 x 0.708 = 14.0184)

e The general procedure (the general procedure of multiplying with a decimal smaller than
1y

e Concepts (meaning of decimal numbers and especially the decimal point)

In the lines 28-50, which were not printed here, Tilbe and Larissa offer explanations that do
not contribute to this variety of epistemic fields and that are not offered a second chance. In 1.
55-62 and 69-78, Thasin explains the mathematical problem by referring to all opened epis-
temic fields, supported by his teacher (1. 66-68).

epistemic
modes Labelling Explicit Exempli-
& naming formulation fication

. . Purpose &
Meaning & connection pose

Evaluation
logical levels

Conceptual levels
Concepts 6-9 | 95-62 8 69-78 | g, on) 92-108
Thasin Thasin Biisra

Propositions
Semiotic 43-47
representations Larissa
Models

Procedural levels

Conventional rules

Procedures

6-9 @ 55-62 & 69-78 @ 92-108
Concrete solutions Thasin 29-33 Thasin “°J| Biisra
Tilbe

4/5

Figure 3. Epistemic matrix for extract (1). The numbers refer to the lines in the transcript in section 4.1,
circles stand for the teacher’s utterances, rectangles for the students’ moves.

The high demands on the linguistic level regarding explicitness, which was analyzed in the
GLOBE-analysis in terms of achieving intelligibility, can now be seen additionally as an effort
required by communicating the connections between different epistemic fields.
From both analytical perspectives, the teacher offered demanding learning opportunities:
e Allowing participation in the core jobs of explaining allows students the selection of the
epistemic fields
e Working on the linguistic enhancement of Thasin’s explanation provides subject-matter
learning opportunities for the other students (not shown in the transcript)

Thus, students are interactively defined as principal contributors to the linguistic as well as to
the epistemic process.
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4.2 Participatory pattern Il: Students as “small piece suppliers”

As opposed to the participatory pattern illustrated above, the second pattern describes a dif-
ferent division of responsibilities, with students being involved only as small piece suppliers.
We illustrate this more frequent pattern using an excerpt, which stems from a math lesson
on basic descriptive statistics in the first week of grade 5.
The projector shows a diagram depicting the life expectancy of domestic animals (fig. 4).

Life expectancy of domestic animals

20
18
16
14 -
12 +
10
dog

guinea pig cat horse golden hamster

years
N
N

o N M o ®

animals

Figure 4. Diagram discussed in the extract

Extract (2): 01-4-MU-120828-02-Pet chart

001 tea schaut euch bitte einmal DIEses diagramm hier an,
take a look at this diagram please

((...))

004 WOrum geht es in diesem diagramm;
what is this diagram about
005 wer fangt mal an das diagramm zu beSCHREIben; (2.5)
who wants to start to describe the diagram
006 bea-marie;
bea-marie
007 bea da werden ( ) tiere von dem alter wie ALT sie werden koénnen ahm (1.1)
beschrieben;

pets are um described from the age how old they can become
008 tea okay; (-)

okay
009 WAS kann man in dem diagramm ablesen;
what can you read off the diagram
010 schaut euch das diagramm mal AN;

have a look at the diagram

043 tea geNAU; (.)

exactly

044 das hat bea-marie ja schon geSAGT,=
bea-marie already said that

045 =dass (.) es DArum geht, (1.4)

that it is about

046 ja (.) wie lange ein (.) ein tier LEben kann;=
well how long an animal can live

047 =oder oder wann es irgendwann verSTIRBT; (-)
or or when it passes away eventually

048 OKAY? (1.4)
okay

049 WAS kann man an dem diagramm ablesen; (4.0)
what can you read off the diagram

050 noah;
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noah
051 noa wie lange das tier LEBT [oder so;]
how long the animal lives or so

052 tea [Ja SAG; ]
just say

053 noa Jja wie (--) SOLL ich hier jetzt alle [sagen,]

well how should I [say] all of them here
054 tea [JA ] zum beispiel;

ves for example

055 noa Jja der hund (---) kann zum beispiel FUNFzehn jahre alt werden; (--)

well the dog can for example live fifteen years
056 tea [((writes on the blackboard: Ein Hund kann funfzehn Jahre alt werden.3))]

057 noa [das meerschweinchen ACHT, die katze AUCH fiinfzehn, das pferd ZWANzig, ]
the guinea pig eight, the cat also fifteen, the horse twenty,

063 noa goldhamster haben ZWEI jahre;
golden hamsters have two years
064 tea GUT;

good

065 ich hab mal einen satz davon (.) noTIERT, (.)
I wrote down one sentence out of it

066 ein hund kann finfzehn JAHre alt werden; (.)
a dog can live fifteen years

067 oKAY; (1.4)
okay

068 was kann man NOCH ablesen an so einem diagramm, (.)
what else can you read off such a diagram

069 was ist beSONders; (1.7)
what is special

070 was sieht man hier ziemlich GUT, (2.0)

what can you see here quite well

096 gid also man kann Jjetzt SE:HN,
SO you can see now

097 ahm (.) dass das pferd hier am LANGsten lebt,
um that in this case the horse lives the longest
098 und der goldhamster am KURzesten;
and the golden hamster the shortest
099 tea ((writes on the blackboard: “A horse lives the longest"))
100 also gideon hat gerade geSAGT,
so Gideon said just now
101 das PFERD (.) lebt (.) also diese auswahl von diesen tieren

the horse lives so from this selection of these animals
von diesen aus dieser auswahl lebt das pferd am LANGsten;
from this from this selection the horse lives the longest

102 woran SIEHT gideon das; (.)

what does he see that tells him that
103 und zwar ziemlich SCHNELL;

and in fact rather fast
104 WwORAN;

what

108 mei weil der balken von dem pferd am HOCHSten ist;
because the bar of the horse is the highest
109 tea o!KAY!;

okay
110 und wenn ein balken am GROBten ist, (.)
and if a bar is the largest
111 ist die ZAHL ja auch am groBlten;=
the number is also the largest
112 =geNAU;
exactly
113 und dIEse zahl nennt man dann (-)

and this number is then called

3 Translation: A dog can live 15 years.

14



|<<distinct> !MA!ximum;> | (1.3)

maximum
| ((points with index finger rhythm. into air)) |
114 ein pferd lebt am LANGsten;
a horse lives the longest
115 | 'THIER! ist das das (--) maximum; |

here this is the the maximum
| ((complements the writing on the blackboard)) |

116 ein Pferd lebt am langsten durch (hier Maximum)
a horse lives the longest (in this case maximum)

117 und woran SIEHT man, (.)
and what do you see that tells you

118 dass ((looks at the diagram)) der goldhamster (-) [WEnig lebt, ]
that the golden hamster lives less

119 sts [ ((put hands up)) ]

Sequential analysis using GLOBE

The sequential implication established by the teacher (lines 1-5) is rather underdetermined.
This move allows for either an explanation or a description as a global big package. The ques-
tion (1. 4) could even be understood locally as asking for the topic of the diagram. Bea’s answer
(1. 7) takes up the teacher’s form “describe,” thus providing locally the descriptive aspect asked
for in 1. 6. The teacher acknowledges her answer in a minimal manner by the routinized form
“okay” (I. 8) and then immediately adds another question, this time emphasizing the visual
aspects of the diagram in question: “WAS kann man in dem diagramm ablesen; schaut euch
das diagramm mal AN” (“what can you read off the diagram; have a look at the diagram”, 1. 9-
10). At this point it becomes clear that the teacher is indeed asking for an explanation, since
the second question requires the students to explicate the meaning of the information that is
represented in the diagram in an abstract way. It also becomes clear that her moves do not
require globality on the part of the students but can be (and in fact are) answered locally. In
other words, her discursive expectations are rather low.

Again the teacher’s move is taken up verbatim in Gideon’s answer (1. 96-98), which he starts
with “also man kann jetzt SE:HN” (“so you can see now”), emphasizing the verb of visual
perception. In contrast to Bea’s answer, the teacher marks Gideon’s contribution as clearly
compatible with her expectations: She refers to his answer and deems it worthy to be noted on
the blackboard (1. 100-101). The teacher’s next sequential implication (1. 102-104) is directed
to the entire class, again referring explicitly to Gideon’s answer “woran SIEHT gideon das; (.)
und zwar ziemlich SCHNELL;” (“what does he see that tells him that; (.) and indeed rather
fast;”) and again focusing on visual aspects of the diagram. Finally, the teacher accepts Meike’s
answer in 1. 108 “weil der balken von dem pferd am HOCHSten ist”(“because the bar of the
horse is the highest”) by an emphasized “okay” (1. 109). In contrast to her reaction to Gideon’s
answer, in this case she indicates the reason for accepting the answer in that she treats Meike’s
response as the starting point of her own explanation.

So far we have demonstrated in which way the teacher in this case starts by (possibly) es-
tablishing a (broad) global demand to be fulfilled by the students, who in the process are then
expected to contribute to an orchestrated explanation (Morek 2012): “wer fangt mal an das
diagramm zu beSCHREIben;” (“who wants to start to describe the diagram™) (1. 5). We also
showed how she narrows this global sequential implication into more concrete, local steering
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activities (e.g., . 49). In contrast to the participatory pattern, only her first sequential implica-
tion is (potentially) global in nature, the following impulses allow for local answers. Conse-
quently, the students’ contributions to the collectively constructed explanation are not globally
organized big packages. Given that the organization of global units in academic genres is some-
thing that students of this age are expected and required to acquire (see section 2), we can state
that, in this kind of “localizing” classroom talk, they do not really have an opportunity to pick
up global structuring.

In the same way, the “division of labor” between teacher and students with respect to the
jobs in building up a global unit in this case reserves the core job (explicating procedural, con-
ceptual or causal relations) to the teacher: In closing the orchestrated unit she gives an elabo-
rated explanation (which here takes the form of a definition) to the explanandum “maximum”
herself (1. 110-116). The students are only allowed to contribute “small parts” with respect to
the tasks of building up globality as well as performing explanations.

Looking at the devices by which explanatory (and other) genres are textualized, we can
distinguish between more abstract and more concrete practices. Devices such as generic claims
and conditional constructions, e.g., belong to the first and illustrating, giving examples or per-
ception-oriented describing belong to the latter and are considered to be less challenging
(Quasthoff 2012). In this perspective, the teacher’s insistence in steering the students into what
is “to be read out” or “what can be seen” sheds additional light on this type of division of labor:
Again, the teacher allocates those kinds of activities to the students that are acquired earlier
and are thus presumably “easier” for fifth graders. The possibility that this practice might en-
courage more student participation in classroom talk notwithstanding, it denies language ac-
quisition opportunities to the students: No room is given to picking up resources for establish-
ing globality and developmentally relevant knowledge with respect to more challenging genres.
This corresponds to the results of the epistemic analysis.

Epistemic analysis.

Analyzing the teacher’s guiding of the mathematical learning opportunities in the same se-
quence will show that she navigates in the epistemic fields from a --concrete task-- and its
solution to the general --concept-- and its explicit formulation.

Epistemic

modes Explicit

Labelling & naming e Meaning & Purpose &

Exemplfication connection Evaluation

Gegenstand

in logical levels
Conceptual levels

Concepts e 109-

Propositions
Semiotic
representations
Models
Procedural levels
Conventional rules \

Procedures 108 :.?Z} A09-.
Meike i 118.

Concrete solutions @ 7 |43.59 53-59863 @. 96-98 108 ............. >
Bea Noah " Gideon Meike [+

Figure 5. Explanation pathway in the epistemic matrix (circles for teachers’ and
rectangles for students’ utterances)
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Students, however, as will be shown, are (necessarily) able to take part in this progression.

The teacher steers the interaction along a classical navigation pathway (cf. fig. 3), from
collecting concrete experiences (in a concrete diagram, i.e. --concrete solution--, 1. 1-98) to the
general --procedure-- (of how to read information off diagrams, 1. 99-108), and then to the new
statistical --concept-- ‘maximum’ and its ||explicit formulation|| in a general definition (1. 109-
118). In this perspective, the general definition of a maximum is not only treated as a resolution
of a foregoing explaining activity, but is the main goal of the entire sequence: Her pathway
follows the typical learning progressions from informal experiences to the general abstract con-
cept (e.g., Freudenthal 1983).

As shown in Figure 5, in this epistemic navigation pathway the students’ activities stay
mainly on the level of the --concrete solutions--, with only one utterance on the level of general
procedures (Meike, 1. 108). The step from the --procedures-- to the general --concept-- is done
by the teacher herself (1. 109-118); the students are not invited to join in this step.

However, within the teacher’s logic of the epistemic progression, all the students’ contribu-
tions about the concrete diagram are expected to supply parts to an overall orchestrated implicit
explanation of the (so far unmentioned) concept ‘maximum’. This is revealed by an epistemic
analysis of her accepting Gideon’s answer (1. 96f.), which remained hidden in the sequential
analysis above: After many students list answers to “WAS kann man in dem diagramm
ablesen” (“what can you read off the diagram”, 1. 9), Gideon (1. 96-98) first mentions the struc-
ture that implicitly refers to the target concept ‘maximum’: “dass das pferd hier am LANGsten
lebt”( “the horse lives the longest”). Since it offers the concretization for the general concept
‘maximum’ which the teacher is pursuing in her progression (marked with a dotted arrow in
fig. 3), it becomes explainable why the teacher appreciates this answer with more emphasis
than other correct contributions. In line with initiating this shift from the concrete diagram to
the general concept, she asks for a general procedure (1. 102-104), which Meike answers by
giving a |[concretization|| for the --general procedure-- “weil der balken von dem pferd am
HOCHSten ist” (“because the bar of the horse is the highest”, 1. 108) with her |lexplicit formu-
lation|| of the --concrete solution--. The actual shift to the conceptual level, however, is done
by the teacher alone (1. 109-115).

In the end, the orchestrated explanation of the --concept-- ‘maximum’ comprises several
epistemic fields, of which the teacher herself occupies the “higher-level” ones:

e The name “maximum” for the new --concept-- ||labeling & naming|| (teacher in 1. 113)
e Its |lexplicit formulation|| in a general definition (teacher in 1. 110-113)

leaving to the students:

e The ||concretization|| by an example (Gideon in 1. 96-98; note the teacher‘s reformulation
inl. 114)

e The general procedure how to find it (Meike in 1. 108)

It can be assumed that from the teacher’s professional logic the orchestrated explanation of
‘maximum’ appears to be completed co-constructed, with preparatory tasks being assigned to
the students. The students, however, cannot participate in that they get to know the concept to
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be explained only in the last utterance of the sequence, without any cues in the process as to
what the explanation is about.

In this analytic perspective, then, the teacher’s agenda is her implicit pathway towards a
general concept to which the students seemingly contribute, whereas the questions accessible
to the students remain on the concrete level. This discrepancy between the professionally in-
tended learning progression (shown by the epistemic analysis) and the expectations manifest
in the sequential implications (shown by the sequential analysis) explains why students can
supply only small parts to the building of the concept. In line with the opportunities for dis-
course acquisition denied by assigning only local shares of the joint work, subject-matter learn-
ing with respect to concept building is not sufficiently promoted by hardly involving the stu-
dents in this epistemic pathway. Hence, the non-participatory distribution of labor restricts stu-
dents’ learning opportunities with respect to both discursive as well as subject-matter skills.

5. Discussion: Linguistic and subject-matter learning in classroom talk —
Observations and generalizations

Our first question was answered by revealing two prototypical patterns in the division of la-
bor in the teacher-steered co-construction of epistemically oriented explanatory activities:

(1) In the first pattern, the division of labor is as equally distributed between teacher and
students as the students’ competence allows. Students are principal contributors to evolving
genre practices (e.g., explaining) as well as to the learning progression. (2) Although the second
pattern also allows students to add something in the course of the global practice, their coop-
eration is restricted to the role of small-parts suppliers not really taking part in the joint pro-
duction process itself (see section 4.2).

The participatory opportunities of students increase as soon as they are given the chance to
participate in central jobs (constituting an explanandum and explicating procedural, concep-
tual or causal relations) in explanations on the basis of the teacher’s giving the floor for an
entire explanation. Challenging practices on the teacher’s side, apt to improve the student’s
global attempts, are “demanding,” e.g., asking for an explanation that is (more) intelligible to
all students or more plausible or free of contradictions. “Supporting” the productions is usually
needed and can be done by (multimodal) cues, requests for clarification or elaborations or ver-
bal models.

Putting students under challenging interactive demands, involving them to a degree that is
adapted to their level of competence, is the basis of the pattern Demanding and Supporting in
non-professional interaction (Hausendorf & Quasthoff 1992a; Quasthoff et al. 2017; Morek
and Heller 2021), which supports the acquisition of discursive skills. In a specifically contex-
tualized manner, it seems to characterize also learning opportunities in class: Only when con-
fronted with demanding tasks within the division of communicative labor between students
and teacher can students display the discursive skills they already have and be supported in
their attempts at more advanced performances.

Looking at the student-teacher-exchanges under an epistemic perspective reveals that high
linguistic demands regularly concur with challenging epistemic navigation pathways. It can
be claimed that:
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e Allowing participation in the core jobs of explaining allows students the selection of the
(more or less ambitious) epistemic fields

e Working on the linguistic enhancement of an explanation provides subject-matter enhance-
ment for the other students

e Demanding substantial contributions from the students and supporting them in producing
them offers discursive and epistemic learning opportunities*

The conclusion is that by interactively defining students as principal contributors to the lin-
guistic as well as to the epistemic process, they are given the chance to substantially participate
in learning discourse.

It can be argued that the high degree of microgenetic participation and its challenging quality
in the participatory pattern is a classroom variant of Demanding and Supporting, providing
opportunities for discourse acquisition within institutionally organized teaching interaction
(Morek and Heller 2021). When habitualized, a high degree of discursive and epistemic par-
ticipation in the long run is assumed to be ontogenetically relevant. Conversely, without the
opportunity to take active part in communicative and epistemic processes to be acquired, it can
be assumed with good reason that the acquisitional impulse in the non-participatory pattern is
less effective for combined discursive and conceptual learning.

Turning to the methodological issue, triangulating the sequential GLOBE-analysis and the
analysis of epistemic pathways in the entire corpus showed that the supportive or less support-
ive functions regularly coincide in the communicative and the epistemic domains. Based on
the theoretical claim outlined in 2.2 above, we argue that complex epistemic processes in class
necessarily draw on the communicative resources of academic genres. Our observations now
allow us to empirically strengthen the widely accepted plausibility of this claim (cf., e.g.,
Schleppegrell 2004; Snow and Uccelli 2009; Erath et al. 2018) on a more general level.

In terms of teaching practices, our interdisciplinary comparison between the two prototypi-
cal practices indicate the systematic relation between the levels of requirement and accom-
plishment for the learners from both disciplinary perspectives: The students in the sequence
discussed in section 4.2 are not required to produce a communicatively challenging explana-
tion. At the same time, they largely remain on the logical level of --concrete solutions--. Thus,
what they accomplish communicatively and epistemically are low-demanding tasks in which
they can hardly fail, but which they also do not transcend.

In comparing students’ performances, one can assume that it is not possible to communicate
a challenging mathematical solution below a certain level of linguistic and genre skills. Ac-
cording to this assumption, students with a sufficiently developed genre competence are apt to
contribute suggestions which are interesting enough to be elaborated on in class. In other
words, since linguistic and subject-matter complexity interrelate, linguistic and subject-matter
learning seem to work best within challenging participatory patterns and with students that
already show expandable skills.

In summary, the analyses by the use of GLOBE and the epistemic navigation pathways have
shown that different patterns of the division of labor coincide in enabling different learning

4 First longitudinal analyses in InterPass focusing on selected students’ performance during six months of

classroom interaction provide some initial evidence regarding the learning effectiveness of the patterns.
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opportunities in the communicative and epistemic domains. What remains to be done on the
theoretical level is to explicate an integrated analytic tool to descriptively grasp this interrelat-
edness. On the empirical level, it should be investigated how participatory patterns can be
adapted to students whose linguistic and subject-matter knowledge are less developed.
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