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education at primary level
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Currently in Germany, there are increasing numbers ofraniy schools who install multi-age
education for pedagogical reasons or due to demulgiachanges in rural areas. Especially for
mathematics education, this often causes individedl learning to take place. However, as
interaction is seen as a foundational constituenmathematical learning (Miller, 1986), this
research focuses on pupils’ interactions within tiraje mathematics education and has the
objective of describing how pupils of different sidgearn collaboratively. Because learning is
seen as the increasingly autonomous participatioroilective argumentation, we seek to identify
how pupils participate in processes of collectivegaotiation of meaning and, thus, examines
interaction by using the analysis of argumentaton the analysis of participation.

Keywords: Multi-age education, collective arguméiota, participation.

Multi-age education and asociological theory of learning

No matter which classroom one looks at, the pupdsring together are never homogeneous in
their learning preconditions. Each individual isque and therefore has differing abilities and
experiences. Using age as the distinguishing fdotoplacing pupils in specific classes is the
norm because it is seen as a possibility to makeedasshomogeneous as possible. But even in
learning groups which are homogeneous in age, fferatices in the pupils’ preconditions for
learning when they enter into school can be ujpvmears (Lorenz, 2000, p. 22). One concept
with the aim to purposefully value and meet thisstixg heterogeneity is merging pupils of
different ages and grades in one class deliber@®egngel, 2007, p. 69f). In English, this concept
is mainly referred to amulti-age classesin contrast, the termsombinationor multigraded
classe refer to pupils of different ages and gradesdeombined in classes for organisational
purposes (a more detailed description of the teanse found in Wagener, 2014). For example,
in rural regions of Germany, multigraded classe®haen installed in order to prevent closing
small schools as a result of subsiding numbersupilp and therefore not forcing especially
younger pupils to travel long distances to schimoBéxony, multigraded classed in small primary
schools are being installed since 2014). In thipape term multi-age classes will be used, even
though the schools participating in this project haveethffit reasons for merging classes.

When making learning groups heterogeneous in age aullti-age classes, the diversity of
learning preconditions increases and with it als® mecessity for differentiation. However,
mathematics is often presumed to be a subject bpiltectilinear whose content can only be
learned following a specific order (Lorenz, 2000, ). Niuhrenbérger and Pust (2006) found that
because of this assumption pupils are rarely gilileropportunity to learn from and with others
in mathematics classrooms. This often causes extremeldudlised and separated learning to
take place as teachers either feel they need traepthe learners back into the different age
groups or they need to let each pupil learn individualltheir own pace. Both have its value for
certain topics but can place too great a demarttieteachers trying to accompany the learners
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simultaneously in their learning process as wellaste the opportunity of collaborative learning.

However in mathematics education research, colihverlearning is not only seen as the process
of pupils cooperating in order to match their individualrdtige restructuring processes, but for
young learners interaction is seen as foundaticoradtituent of learning (cf. Miller, 1986, p. 10).
In this context, Miller creates a sociological theof learning of at least two individuals — the
theory of collective learning processes — in otdedifferentiate from psychological theories of
learning which predominantly focus on isolated wundlials. Hereby, he does not, on principle,
question that learning is also an individual pre¢dsit rather that when learning fundamentally
in the early stages of a child’s development amradtive collective process precedes or
determines this process of learning something namg(& Schiitte, 2018). In this approach, the
concept of argumentation is essential. Miller défarates argumentation, and hereinafter more
specifically collective argumentation, which is bdsen rationality according to Habermas
(1985), from “communicative action” based on sormeghincontroversial (p. 37f). The principal
specific characteristic of collective argumentasiaa the aspect of rationality. Mathematical
learning, therefore, takes place in the negotiaticseweral people about what is viewed from a
mathematical perspective as rational. Krummheudr Brandt (2001) draw on this aspect of
learning in collective argumentations and createsarty of interaction of mathematical learning.
For them it is of great importance for mathematleakning to occur that pupils participate in
collective argumentation within classroom interactici ipid., p. 20).

Analysing an increase of participation in various sttings of learning

The focus of multi-age mathematics education refelans, therefore, been on collaborative
learning because it is seen as an important eleofienathematical learning processes, however,
seems to lack in teaching practices. Besides ov@rayconcepts which have been developed for
collaborative learning within multi-age mathematieducation (e.g., Nuhrenbodrger & Pust,
2006), interactions between learners who are hggeenus in age have been examined. When
analysing these interactions (e.g., with regard to thetwenti®n of knowledge), the pupils show
a great variety of interaction reaching from wotkalongside each other to the co-construction
of new knowledge by either working in the “zone gsbximal development” and therefore
constructing new knowledge or by reflecting on pxresting knowledge and therefore deepening
it (NOhrenborger & Steinbring, 2009, p. 118). Addititpavarying qualities within the helping
interaction are identified ranging from productemted help to process-oriented forms of help
(cf. ibid., p. 126). Another study by Matter (2017pwis that it is beneficial for learning when
two pupils of different grades are collaboratingewteither both partners are subject-specifically
balanced or when they are not that the social betiais important for learning to take place (cf.
ibid., p. 303). When both pupils have a very low subject-spamimpetence, only a low gain in
learning is seen (cf. ibid., p. 316).

Studies on multi-age mathematics education in pgnsahool lay a good foundation for our
project. However, they predominantly focus on diaEgybetween two pupils which are
heterogeneous in their grade level and concenewiter on how knowledge is constructed
(NUhrenborger & Steinbring, 2007) or when interawsicare beneficial for learning in such
settings (Gysin, 2018; Matter, 2017). In contrast, @odogical theory of learning guides our
project, focusing on processes of change withirptricipation in the processes of negotiation
of meaning and on various settings within mathematicsidams that go beyond pair work.

Research question

One of the characteristics of multi-age educat®that most of the time at the beginning of a
school year older pupils leave a class and youlegeners join the class. This means that those
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who used to be the younger learners over time bedbmolder learners of a class. They, thus,
experience a change in their role within the cl@ibgs can provide the opportunity for learners to
also change their role within subject-specific rtedimn of meaning and potentially participate

more autonomously in collective argumentation thidltlead to a broader range of possibilities

for learning mathematics.

Because learning is seen as the increasing autarsomarticipation of pupils in collective
argumentation within classroom interaction, the allguestion this research seeks to address is:
How do pupils participate in collective argumerdatwithin multi-age mathematics education
and is it possible to observe a development irpér&cipation over time? In order to answer this,
firstly one has to identify how this participationcollective argumentation takes place in general
and if patterns of interaction can be identifiedc@lly, the analyses of the interactions over a
period are then compared to each other in order to ansevguestion whether there is a change
in the degree of autonomy. As various settings (eajr, yoork, group work and whole class
discussion) are seen as beneficial for multi-agecation because they can all lead to bringing
forth-collective argumentation, the third sub-qiesis raised whether there are differences in
the interaction of the learners between differeuttirsgs of learning within multi-age education.
In this paper, only the first sub-question of howarfeers participate in collective argumentation
with multi-age education is addressed further, ssisithe basis for the other research questions.

Interactionist approaches of classroom research

Methodologically, this work can be located withiratitative methods of social research which
follows a reconstructive-interpretative approact aave the aim to ‘understand’ the actions of
the individuals participating in class and to depelocal theories (Schiitte, 2011, p. 776). More
specifically, this work is located within interaatist approaches of mathematics educational
classroom research which have their origin in Gegman the 1980s (Krummheuer, 2011;
Krummheuer & Brandt, 2001). For this study, the classedilmed on several occasions over a
period of one to two years in order to reconstpadsible age-specific changes concerning the
participation in collective argumentation of theldien. Through this, a potential change in the
pupil’s autonomous participation in collective argunagions is to be identified and described.

The interactions of the pupils are analysed usingiiftnheuer and Brandt (2001), who also filmed
in multi-age schools and subsequently analyseddéres by using 1) the analysis of interaction,
2) the analysis of argumentation, and 3) the analysiartitjpation. Step one is the basis for the
following analyses by reconstructing the processgeimteractive negotiation of meaning. The
subsequent analyses of argumentation and of gsatioh are done on the basis of the summaries
of the interpretations (Krummbheuer, 2015, p. 53). Thrahghanalysis of argumentation, which
is based on Toulmin (1969), one can identify whibliidcen contribute to which of the four
possible functional categories of an argumentataata (undoubted statements), conclusion
(inference together with the data), warrant (contidn to the legitimation of the inference) or
backing (undoubtable basic convictions which rédethe permissibility of the warrant). In this
research project, the analysis of argumentationsed uto show potential differences in the
functional categories of an argumentation whenilupht the different children participating in
multi-age mathematics education depending on their athee@etting they are in.

In order to identify differences in the participatiof the pupils in collective argumentation the
analysis of participation is used. This analysiduides the production and the recipient design
and is able to show which pupils participate atyiver receptively in a polyadic interaction
(Krummheuer, 2011). For this paper only the productiesign is relevant which analyses the
utterances in order to identify which individualkesjer is responsible for a functional category
of an argument on a syntactic and/or on a semantic levelalD\ikere are four roles that pupils
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can have according to this analysis: the authoo(istresponsible both for the content and the
formulation of the utterance), the relayer (who @sponsible for neither the content nor the
formulation), the ghostee (who is responsible omly the content of an utterance) and the
spokesman (who is responsible only for the fornmadf an utterance) (Krummheuer, 2015, p.
58). By analysing these roles, the question is areigr what way there are differences in the
participation of the pupils in collective argumeitda regarding them taking syntactic or/and
semantic responsibility within multi-age education.

Overall, this research seeks to describe how mathematézaing takes place collaboratively in
multi-age education. According to the theory of fatdion of mathematical learning by
Krummheuer and Brandt (2001), the possibility oftlmeanatical learning in a school context is
seen within an increase of autonomy in formats afi@entation when spokesman and ghostees
increasingly occur within production-designs, andewlprocesses of argumentation with a
complete “core” of an argumentation - meaning dadaclusion and warrant - are produced (p.
59f). These are seen as possible indicators ofessfud learning processes because e.g.,
spokesmen or ghostees take up previous utterantatsb add new aspects to the interaction and
therefore add to or deepen the thematic developrokmiie interaction. This is seen as an
advanced form of autonomy, whereas in contrastasethbeing an author points to pupils already
having learned something and being a relayer caanbmdication for someone being at the
beginning of a learning process (Brandt, 2004, p. 37f).

Autonomous participation of all pupils in multi-age education

The group work analysed in this paper is from ahmaatics lesson in a multigrade class
including 24 children from first, second and thinhde. At the beginning of the lesson the
students are divided into groups of three whichtip@®ntain one pupil of every grade level. The
task given is: “Tina and her family want to decerdéteir Christmas tree with hand painted
Christmas ball ornaments. They want every ornarttefdok different. To paint the ornaments
they have the colours red, green and blue. With {hbeg can paint dots or stripes. For each
ornament they want to use two colours and one rpadiethe most. Which possibilities do they
have when painting their ornaments?” To solve trgk the pupils have material on their tables:
bigger circles, stripes and dots of each colour.grbap, whose interaction is analysed, includes
Isabella (1st grade), Hans (2nd grade) and EliabdBade). The recording starts after they read
the task aloud and created two possibilities (tweeqg circles one with three blue dots and one
with two red stripes). Only a summary of the anialg$ interaction is included, because the focus
is here on the analysis of argumentation and of partioipati

During the first part of this group work, Isabeltgaes that they should not only use green circles
but also the two other colours because they shouldnmtptuse the same colour. Elias then picks
up this idea and starts suggesting to put blueatogsred circle. Hans also follows up on Isabella’s
idea and suggests to put green dots on a red circle. Elias wemrissinderstand Hans’ utterance
and reiterates Isabella’s idea. Then, Hans repesiisléw to clarify it and Hans and Elias agree
on creating a red circle with green dots. Hans dias Briefly disagree on the number of dots
they should use but both seem to agree impliditht for the differentiation of the possibilities
the number of dots is not relevant. After settliogthree, they also disagree on which background
colour they should continue with. Elias now wantsise a blue circle and Hans wants to create
a second red one using the other colour left for thenmatThey then agree on using a red circle
and add two blue stripes. Isabella says that shéobad another possibility and points to a blue
circle with one green stripe. Contrary to Elias vitwen wants to create another red circle with a
pattern, Hans explains that they have created twe &hd two red ones so far and suggests to
now create blue circles. All three quickly agree that thigyfiwst use a blue circle with red dots.
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We see that all three children participate in tteation of possibilities. To show how the pupils
participate more specifically, the analyses of three examypkguments are presented below.

Use same colour for the !
pattern as for the green circle :

Warrant 2a |

since one possibility:
blue dots on a red circle
We should not only
] so .
Two green circles use green circles but so Conclusion 2a
were used. also red and blue ones.
since N one possibility:
Data 1 | Conclusion 1/ Data 2 | green dots on a red circle
since -
We should not only use | Conclusion 2b
the same colour. 1
The colour of the pattern
Warrant 1 | should change.
on account Warrant 2b

We should follow
the task which says we
should use all 3 colours.

Backing 1

Figure 1. Analgis of argumentation for arguments 1 and 2

As shown in Table 1 (with all transcripts transthfeom German), the first argument is brought
forth by Isabella as the author, since she hagdhponsibility for both the content and the
formulation of warrant 1 and conclusion 1. Isabslleonclusion is then picked up by Elias as a
spokesman and used as data 2 to draw the new samcla, which he is responsible for both
syntactically and semantically. Hans then also pigkgonclusion 1 as data and draws his own
conclusion 2b as an author. Because of a misurahelisy, Elias reformulates the conclusion 1
as a spokesman by taking responsibility of the tdation of Isabella’s content but goes further
and is the first one to explicitly state data 1tf@ first argument. He can, thus, be seen as author
of data 1. Hans then acts as a relayer of his csioeilRb by repeating it. Hans and Elias never
explicitly state the warrants for their inferencestl®e warrants were deducted by the analysis of
interaction. The backing of the first argument waduii¢ed from the interaction and is based on
the conviction the children seem to have that the tagikld be followed.

Table 1. Analysis of participation for argumentrid& (format based on Krummheuer, 2015, p. 60)

function of utterance idea (argumentative function

speaking reference to a prior speaker of the utterance)

person

Isabella: | would first not only use green but (if we) als¢ We should not only use green

Author these two colours\s2> circles but also red and blue
[points to the blue and red circles}3> ones. Warrant 1;

Conclusion )

Elias: on red we could <6> Also use red circles
spokesman Isabella (Conclusion 1= Data 2

Elias: [picks up a small blue dot] <7> One possibility: blue dots on
author red circle Conclusion 29
Hans: now green dots\ <10> One possibility: green dots of
author a red circle Conclusion 28

[takes tvo small green dots into his hand] 1>
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Elias: no we already have green . twice\ <12> Two green circles were used

spokesman/ ) _ ) | (Data 1; Conclusion )
author [points to the first green circle and then points

with two fingers of his right hand to the two
green circles with patternsj13>

Isabella
Hans: but green dots{15> One possibility: green dots of

relayer ) ) _ a red circle Conclusion 28
[puts his two green dots on the red circle in

front of Elias] <16>

Hans

Later in the interaction another argument is brought fettlth consists of these components:

Two green and two red so We should also
circles were used. —|_’ use blue circles.
Data 3 since Conclusion 3

We should not only use
the same colour.

Warrant 3 |
on account

We should follow
the task which says we
should use all 3 colours.

Backing 1

Figure 2. Analysis of argumentation for argument 3

It is similar to the first argument and the contisnthus not treated as new but with reference to
the prior speakers. Specifically, Hans takes up dimeenit of Isabella’s conclusion 1 and the data
1 Elias previously stated and rephrases thesee 8imtakes responsibility only of the formulation
of these functional categories, he acts as a spakedsabella then repeats conclusion 3 to use
two blue ones next and becomes the relayer of Hans’ and hedeaand formulation.

Table 2. Analysis of participation for argument 3

function of utterance idea (argumentative function
speaking reference to a prior speaker of the utterance)
person
Hans: no now first blue\ <67> We should also use blde
Spokesman | [taps on Isabella‘s blue circlex68> circles.

Isabella (Conclusion 3= C1)
Hans: we already have two red . ornaments now and| Two green and two red circlgs
Spokesman green ones\ <69> were used.

[points to two red and two green circles whi| (Data 3= D1)
already have a pattern on themy0>

Elias

two blue ones\ <72>
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Isabella: [places another blue circle in front of hersel We should also use blye
Relayer <73> circles.

Hans, (Isabella) (Conclusion 3= C1)

Overall, these analyses show that within this gnwogk in multi-age mathematics education at
primary level all three pupils contribute in somaywautonomously to the argumentation.
Specifically, Elias is the author of data 1 and ¢asion 2a and is a spokesman of the conclusion
1. Hans is the author of conclusion 2b and a spokegrhconclusion 3. Isabella is the author for
the conclusion and warrant of argument 1 and geelaf conclusion 3. In summary, possibilities
of mathematical learning (according to Krummheued 8randt, 2001) can be found in this
interaction because Hans and Elias are predomingptikesman of utterances and by this pick
up utterances of others and change them strugtutsdibella on the other hand never acts as a
spokesman, however, she is the only one contribatiwgrrant to an argument and therefore is
the only one who completes a “core” of an argumBwntthis she, as the youngest participant in
this interaction, not only has a receptive role &lsb an active yet, compared to the two boys,
unique role. In the future, these analyses will bmmared with analyses of further group work
but also of pair work and of whole class discussiéiurthermore, they will have to be compared
to interactions brought forth later in time in orde identify possible changes in the participation
of these pupils over time.
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