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Abstract

Central to this article is networking in math lessowhereby concentration is placed on the consbruof

a student-focused teaching method for the netwgrkinmathematical knowledge in the lower secondary.
Firstly, normative standards and descriptive resulil be compared. Secondly, several already iexjst
teaching methods for networking in math lesson$ @l added to the method of ,chapter-spannink tas
variation“. Using this method, attention is be gld®n the integration of mathematical content queatigic
social netowrk-form (e.g. teacher led classes, gwark etc.). This paper will be concluded with the
presentation of the testing of the method in theetcontext).

Introduction

With respect to networking in math lessons in sdaoy education |, there is a gap between the norenat
standards and the descriptive results. | will pmeslee normative standards according to the conokpb
called ,basic experience” (Winter, Baptist 2001)ystes the results of older and newer empirical swdi
(Bauer 1988, Baumert, Klieme 2001). Many pupil di regard math lessons to be a “universe with a
maximum level of inner (deductive) networking amoness toward new orders and relationships” (Winte
Baptist 2001) as described in the first of thesecalled ,basic experiences”, but as a collection of
“incoherent materials neighboring each other” (Bat®88) which ,are not in a sufficient manner”
(Baumert, Klieme 2001) connected with each otherstead of a ,reservoir of models suited to rationa
interpretation or to the systematic organizationtlod following of operations” (Winter, Baptist 2001
mentioned in the second of the ,basic experienaegahy pupil experience mathematics as ,a self-cefii
structure which has little contact with other aredgerception” (Bauer 1988). Consequently, diffiias
come up for the third ,basic experience”, in whidthematics appears as the ,practice field forikgar
and analytical thinking“ (Winter, Baptist 2001) daeise many pupil are not successful in translating
knowledge learned in math lessons into the ,prangss complex questions” (Baumert, Klieme 2001).

In order to counteract the problem described,cthepter-spanning reviewill be introduced as a teaching
method for the stimulation of networking in matisdens. Based on the third ,basic experience” (Winte
Baptist 2001) not only the processing, but alsodiaeelopment of complex questions stands, by wakhef
pupil, at the centre of this teaching method.

1. Networking Concept

Brinkmann's dissertation (2002) constructs the rigzal basis of the teaching method. Accordingly,
networking will be understood as the process asdlr@f the relational situation of mathematicahtamt
and application on the level of the teaching matsrs well as the cognitive level of the stud&ntording

to Brinkmann it is possible to categorize netwogkas being outer and inner mathematical in timesa
manner at both levels.

In the frame of this paper the level of the teaghimaterial and the cognitive level of the studeilt ne
assessed on the epistemic level according to BankmThe termepistemic,introduced by myself here,
should serve to emphasize the significance of kadge in both cases. | will add to this idea ofvelé by
observation of networking on the social level. Taiter should bring the potential of the socialisture of
the study group for the development of networkimgnath lessons to fruition.

2. Design of the Teaching Method

There are various suggestions for the stimulatfomedworking in math lessons to be found in theadtits

of mathematics, especially on the epistemic lelvel. example Vollrath (2001) suggests making tibygc
threads (central themes and terna§)mathematics visible to pupil with the help obles of contents. He
also suggests designing transitions between vatextbook chapters throughemeginter-mathematical,
chapter-spanning contexts) agobups of theme&pplication oriented, chapter-spanning problemspil
will also be given the possibility of continually onking on mathematical problems and studying
relationships through self-productions usstgdy diaries(Gallin, Ruf 1998). Brinkmann (2003) suggests
the usage afmind-mapsandconcept-mapi lessons in order to encourage networking.

The social level of networking, and especially thke of social networks in the construction of kiesge,

is particularly thematised in general pedagogiag. (Wischer 2001). For examplexpert groupsand learn

by teachingare suggested and observed in order to encouragiettelopment of knowledge networking.

454



One of the few approaches in the didactics of nmattties, in which the epistemic and the social lefel
mathematical learning are interlocked with concetercise examples, is the method of student-ceshter
exercise variation (Schupp 2003).

In the following this method is transformed intce tthapter-spanning reviewnethod with the goal of
placing a focus on the networking of teaching makeunlike Schupp, who focused on the discovery of
problem-solving strategies. In addition in my opimi the variation of the exercise should becomeemor
strongly connected to the teaching plan and thtbtek. On that account the student-centered exercis
variation will be synthesized with the above memtid method for the promotion of networking in lasso
taken from the didactics of mathematics and genedhgogics.

The segmenting of the teaching material and a stisdmathematical knowledge into categories wilkbpt

as part of the segmenting of the class in the pbhsgperimental training. As a result the pupillwe able

to discover differences and similarities betweea tihapters of the book as well as connecting dentra
themes and central terms and treads with the Hefpaontent-oriented index. This develops througg t
modification of the table of contents of the texdk@r notebook by placing the chapter and subcihaipies

in a left-hand column and placing the exercise rsaimehe header. By doing this, it is possibletfa pupil

to say which skills are connected to which exesclyeticking of the corresponding content skills.

The individual phases of the method will now beaddtced in the following in connection with thissign.
Preparation: To begin the pupil solve an introductory exercisghwtheir classmates. This implies a
cooperative context. The number of the textbookptdra of the initial exercises of school year are
presented to the pupil.

Expert training: Each student chooses an initial exercise. Puph #ie same exercise work together in a
group to solve it and prepare the presentatiomefeixercise. Subsequently, each group determiha&hw
field of skill the exercise belongs to by filling ithe skill table included in the table of contenfsthe
textbook.

Expert round:The groups are reorganized. Now experts from eaitiali group will meet together in one
group. The goal of this phase is to have each gnasipg the skills from the initial exercises, ateeat least
one chapter-spanning exercise, write down the isoluand determine the skill field

of the exercise.

Plenum: The exercises and solutions of the groups are suizgdain a notebook. The notebook will
provide a table, in which the exercises are pairitll the respective skills.

Both levels are integrated with one another ingkpert round. In addition the realization of théstgmic
level and social level are thereby brought togetimedloing this the pupil can independently discabemes
and groups of themes and formulate chapter-spamxiergises.

3. Testing at a Grammar School

For the testing of the teaching method six initxkercises from various subject areas using thec topi
tangram-puzzle as a connecting element were dexelapd applied in an"&rade class in 2007/08. The
skill table and the initial exercises were derifemm the teaching exercises, as the lesson waststed
according to the textbook. In the beginning ph&seet were only three hours of class time availablee
used. To get started the pupil were challengedgaieith their classmates to form a square usingrseve
tangram-stones. The pupil were subsequently intreditio the following initial exercises.

Exercise A : ,Table" In order to build a tangram table out of wood, Wtele tangram diagram is enlarged.
At the same time the longest side of the smaltémtdle (ca. 5.5cm) lengthens kym. How does the area
of the whole diagram and of the individual piechange?

Exercise C: ,Functions” Sketch your whole quadratic solution diagram incardinate system. Which
function graphs can you find in this sketch? Cardtthe respective function equation.

Exercise D: ,System of Linear Equations” Sketch the whole solution diagram in a coordingf&tesn.
Construct linear systems of equations with two équa and two variables, whose solutions correspond
with the vertices of the tangram stones.

Exercise E: ,Symmetry* Sketch the whole solution diagram. Which symmekriaagram stones do you
find in the sketch? If necessary describe the kiofdsymmetry and sketch the axis of symmetry ared th
centers of symmetry. Explain.

Exercise F: ,Darts* There is a new magnetic dart game in the markat,ltoks exactly like a quadratic
tangram puzzle. How great are the chances of gittiparallelogram or a triangle?

Since difficulty levels are often felt to be sulijdependent and various, the adaption of the diffidevel

to the exercises was by-passed in this case i towdmunteract the problem by means of a meadisel
assesment. This was achieved by presenting altisgsrto the pupil at the same time and allowirgrtto
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choose one. With this method six groups were formihin five minutes. The observed collaboration as
well as the thoroughness of the solutions variechfgroup to group, but all were in a position tepgare a
presentation.

In the next lesson the pupil had the chance tagaskstions about the exercises and complete thetaikié.

The skill table was subsequently analyzed doingitbeussion of the lesson.

The pupil developed fifteen exercises, of whichyotwo can be presented as examples here. In the
following exercise a pupil on a purely mathematizasis combines the two large chapters on symraatly
functions (of Brinkmann's term ,inner-mathematigal”

Exercises B: ,Cubes” In the picture you see cube-
formed tangrangames. The stones are made of tin
are hollow inside. How mal

Zeichnet eure gesamte Losungsfigur in ein K
Symmetriearten findet ihr auf dieser Zeichm
gebt fir alle Symmetrieachsen die entsprech

Losung: \

i o -

S0 | ? ¥

do you need for a cube-formed tangrgame if you us
the dimensions of the wood tangram?

The axis of symmetry is not only to be sketched, dso described with function equations. The main
exercise here is to discover the that connect &nespin this way terms from different themes axereises
appear together meaningfully in one and the samé&see. With minimal change to the mathematical
references as well as to the grammatical struatitiee initial exercise a theme appears, whichssme as

a bridge between the taught units of symmetry aveht functions (Vollrath 2001).

The next exercise (see image 3) was developed dyptpil. With an introductory text the reader iaqed

in a room in a Hollywood world. The text also cantathe most important dimensions of the room. The
following tasks are related to the tangram. Itdkeal how many tangram squares fit onto the sudiadeif
spaces are thereby left uncovered. Also it is asedow many squares are laid after 330 secs. While
solving the problem, the pupil tried to use differeneans of presentation. They presented theiulzdions

in graphs and tables.

456



Zeichnet eure gesamte Losungsfigur in ein Koordinatesystem. Welche
Symmetriearten findet thr auf dieser Zeichnung? Nennt die Symmetriearten und
gebt fiir alle Symmetrieachsen die entsprechende Funktionsgleichung an,
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Image 3
With this exercise it became obvious that it is siatple to develop an authentic exercise with eafee to
reality while aiming to combine as much contentr¢hproportional functions and area calculation) as
possible together. The connection is extra-mathiealeand makes reference to a concrete situatibinghw
is supposed to be modeled through mathematical snean

However, if one looks at the challenge which ptigde with the development of networking exercisethe
chapter-spanning review, one notices that the peatbtlem for the pupil is not the modeling of anraxt
mathematical situation. The real problem is in pnéimg mathematical content, which is representethé
headings in the textbook, in context. Consequemthe can term the exercise at hand as an ,inverse
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modeling exercise”. Such exercises are known irtehehing methodology as ,pseudo-authentic”-exegcis
The neologism by the author ,inverse modelibgses itself on the negative coloration of the tgrseudo”
and denotes here an exercise, in which matheniatmmsciously translated into the extra-matherahtic
order to shed light on mathematical content. Bynddiis, reality is not modeled through mathematics
rather mathematics is modeled through reality with goal of networking mathematical issues in the
perception of those thinking and learning (compkienke 2001). The question of reality or otherwfiske
Hollywood context appears in a different light wittis background.

The diversity and quality of the resulting exersise reason enough to show that the class timefosede
testing of the method was effectively used. Theetimeeded for correcting and feedback could nevedbe
be seen by teachers as a problem. It is possildgtemd the method over six class sessions in oodghift
the correcting and feedback out of the preparaiime and into the class time. The correcting cars the
divided up amongst the pupil. The feedback is, @salt, also much quicker.

4, Conclusion

“Mathematics as an ideal practice field for heigisind analytic thinking that seizes up everydéy éind
talks it up in a specific way” (Winter, Baptist 200is seen as the ,basic experience” in math lessbine
complexity of the requirements increases if variousthematical categories need to be used in oader t
solve a problem. As shown above, at least a sHapail can, through preparation in expert trainibe
placed in a position to network mathematical conberh inner- and extra-mathematically. There &som

to accept that the self-produced exercises are appealing to the rest of the class than complexoises
out of a textbook. Thus pupil are at least givea éxperience of mathematics as an exercise figld fo
heuristic thinking while solving such exercisescdin be assumed that an elaboration of the sam¢hand
ascertainment of the suitable method for furthéiost grade will contribute to the issue of the natking

of mathematics in the lower secondary.
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