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Abstract
The basic idea of this paper is to outline a crssicular approach between mathematics and science
The aim is to close the often perceived gap betwesnal maths and authentic experience and to
increase the students’ versatility in the use ofhmatical terms. Students are to experience naaths
logical, interesting and relevant through extratmatatical references. Concrete physical or biologi-
cal correlations may initiate mathematical actestiand mathematical terms are to be understood in
logical contexts. Examples: physical experiments lead to a comprehensive understanding of the
concept of functions and of the intersection of iaesl in triangles. Biological topics can lead te th
concepts of similarity and proportion as well asthe construction of pie charts. In the European
ScienceMath Project a variety of teaching modulas developed and tested in secondary schools.
Background
The European ScienceMath Project is a co-opergtiogct between universities and schools in Ger-
many, Denmark, Finland and Slovenia (coordinatidniversity of Education Schwabisch Gmiind,
Germany;_www.sciencemath.ph-gmuengl.d&s central objective is the development andirigsof
teaching modules for the promotion of mathematiitatacy. A cross-curricular approach is used in
the natural sciences, in particular in physics, &lsb in biology and chemistry. Through extra-
mathematical references, students are to experi@aties as appropriate, meaningful and interesting.
The learning in meaningful contexts is designedawatribute to an intuitive mathematical understand-
ing. The idea is, on the one hand, to close thelgaween formal maths and authentic experience
through the use of contexts and methods taken frmmatural sciences (Kaput 1994), and, on the
other hand, to allow students to experience theatitity of mathematical terms (Michelsen & Beck-
mann 2007). That way, mathematical content caredméd in realistic and meaningful contexts and
the students’ sense of reality can be increasemugir mathematical insight. In the following, four
teaching modules will be presented that were deeelat the University of Education Schwaebisch
Gmuend. These are concerned with promoting theisiiqn of mathematical terms through physical
experiments in the fields of the function and thterisection of the median in triangles (centreraivg
ity) as well as promoting students’ competencebénfields of similarity/geometrical proportionsdan
in the construction of pie charts in biological teoits.
Promoting the acquisition of the Term Function through Physical Experiments
Experiments are well known as methods used in #teral sciences. In maths teaching, they can be-
come part of a new form of instruction. Due to mynoextensive experiences and trials in teaching,
they are recommendable here, too. There is a Ibetsaid for experiments in connection with func-
tions because

» the activities in an experiment correspond to #spective aspects of the functional concept: Curtigc
the individual data equals the aspect of correspoogt collecting the data of a complete series of
measurements corresponds to the discrete co-warjatspectively the process level, and transfgrrin
the data to a graph leads to continuous co-vanaiuod the object level (Malle 2000, Vollrath 1978,
Dubinsky & Harel 1992, Swan 1982, cf. also Hous€&uwfctional Thinking, Hoefer 2008).

e in carrying out experiments, essential aspectsinétfonal terms are actively experienced. Exantple:
idea of continual co-variation is experienced, whéserving an experimental car that is in motiod an
continually increases the distance travelled (witiop watch). The object idea, such as anti-
proportionality, can be experienced by pumping upeawith a closed bicycle pump: in reducing the
air volume inside the pump, one simultaneouslyaegtian increase in the air pressure.

* experimenting addresses various objectives simettasly (data collection, functional context, model-
ling) and allows students to gain experience inower relations to reality (cross-curricular context
every-day experience and concrete quantities,adssé x and y).

Using physical experiments, to promote the undedstay of functions, was once again motivated by
the results of numerous tests and internationalpeoative studies in the past years and decades, all
showing that many students have only a limited wstdaeding of the term function (i.e. Vinner &
Dreyfus 1989, PISA-consortium 2004, Beckmann 19893pecial deficit here concerns the inability
to interpret graphs correctly and to recognize fthrctional connection between two variables. It is
here that experiments offer a particular opporjubit demonstrate, experience and talk about this
functional connection in a concrete way (Beckmaddg).
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Using physical experiments, to promote the undedste of functions (and also of the term vari-
ables), was meanwhile tried out with 400 high stlstedents between the ages of 13 and 17 at vari-
ous school levels (cf. Hoefer & Beckmann 2009, Beakn 2006, 2007, Zell 2008, Beckmann & Litz
2009). The emphasis here was on experiments, n@aadé simple materials, to ensure an uncompli-
cated implementation in maths teaching. Howevegstettwere, in addition, cross-curricular tests, in
which the reference to maths as well as to phys&s discussed (Lukoscheck 2005, Haas & Beck-
mann 2008). In class, the students carried ouekperiments by themselves in groups. They were
either observed directly or via video and audioatidition, the worksheets, that were prepared for
each experiment, were evaluated (Beckmann 2006).

The important results, made in these trial rungewnat the reflection on the data sheets anditie
cussion of the graphs stimulated the co-variatigmeat as well as the formulation of hypotheses in
relation to reality, on the background of the coiation aspect. Furthermore, presentational actjt
such as the data’s relation to a co-ordinate systespectively, modelling activities in general reve
stimulated. In their descriptions, the studentslparsed the link with reality and the model sinault
neously: “In an additionally plotted graph we wal#e to see exactly how much light there was at the
beginning of the tunnel and how the light intensitgs gradually reduced”. After carrying out the
experiments, many students were able to interpeegtaphs. The following graph (figure 1), for ex-
ample, was no longer interpreted as “The car ingoldownhill” but as “The car is stopping at a
crossroads.”, “The car had to brake because obatacle.” “It is in a traffic jam.”.
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Figure 1
Functional correlation between speed and time
Paint of Intersection of the Mediansin a Triangle and the Term Physical Centre of Gravity
In connection with the topic “Special Points in dafgle”, experiments enable a more global view
and more global links, in that the point of intetsen of the medians in a triangle appears as ong/
of the numerous examples for the centre of grawityodies. The basic idea of the realisation isgla
is to enable students to experience the term ceffitgeavity by placing it in real situations, respe
tively, in natural science contexts and througheeixpental activities. All known methods for deter-
mining the centre of gravity, such as the hangingveighing methods, (Heine & Prommersberger
1999) result from the definition of the point ofagity as the point of intersection of all linesgrfiv-
ity. In the hanging method, the given bodies aneghup in at least two different positions, the $iro#
gravity are marked and their point of intersect®etermined (graph 2). The rule to be learnemhfro
this is, that the point of intersection of the naadi in a triangle is its centre of gravity and thlabxes
of symmetry are lines of gravity.
In station work in secondary I, sheets of cardb@ard bodies with fixtures for hanging (from the ge-
ometry collection or at random composed of Duplach) are made ready for the hanging and weigh-
ing methods. The stations stimulate students omtigehand to find the points of gravity experimen-
tally and on the other hand to establish them decaifif and check them experimentally. There is also
a dynamic geometry system, available for the latt&h the help of which the quality of the median’
intersection point in a triangle can be establisti&ihting the triangles and sticking them ontodear
board reveals the connection with the point of gyav
In the station work at secondary Il level, the ghedl description of the points of gravity is made
additionally. As an example, the following applfesthe point of gravity S in a triangle ABC withe

position vectors of ngé (g+ B+ 8) , which leads us to the interesting question whettint corre-

P
spondingly applies to the quadranﬁe:% (g+ B+ 8+ d) . The result of the hanging methods is, that

the validity of the equation depends on the distidn of the mass in the quadrangle. In a full ¢zm
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e.g., this results in a different value from thiadhollow trapeze with an uneven mass distributad
the corners” (figure 2).

Figure 2
Definition of the point of gravity with hanging nietd,

Left: hollow trapeze with “heavy corner”,

co-ordinates of the point of gravity S (4.8/4.2).

Right: cardboard trapeze, same size, point of tyr4ui5/3.5).
The difference in the position of the point of gtgwn quadrangles of similar size but a differeln-
tribution of the weight, can be confirmed mathecwlty. For the trapeze in figure 2, with corners
weighted by plasticine of the masses=m,=mz=0.1gr. and r=0.2 gr., the point of gravity works out
as:

g = 1 (OJ(OJ + OJ(lZJ + 0,.\(8] + 0,2(2])
01+ 01+01+0.2 0 0 7 7
= (o) (on (e 24522
= _( + + ) =2 =
0510) (07) |14 21) 42

In further tasks, corresponding observations ofidgdsuch as pyramids, are stimulated. A linked pro
cedure is characteristic of this approach, in thatpoint of gravity is worked out experimentalljttw
the help of the hanging method of real bodies dsal mathematically using analytical geometry and
integral calculus. A three-dimensional represeotaind an examination of the point of gravity oa th
computer, e.g. with the help of Mathematica, entiehoverall experience of the learning process (Cf
learning material at www.sciencemath.ph-gmuend.de

Similarity and geometrical Proportionsin biological Contexts

The topic “similarity” plays a central role in matimstruction. A definition can, e. g., be formelat
with the help of centric dilation, in that by therrin similar figures those figures are understobdt t
mutually overlap through centric dilation. The amig figure and the centrically dilated figure @
late in length, surface and volume, and this caeXmpeessed by the relevant dilation factor k, respe
tively k2, k3. In biology, there is no similarityria mathematical sense. Biologists rather speai-of
lometry, which describes the differences in thepproons (e.g. of organs and limbs) of similar loeok
ing animals. By comparing the volume m or the measents of live animals or their photographs,
allometric features can be ascertained by assetsingroportions of externally similar animals, lsuc
as domestic cats and wild cats, white and blaatod)ipups and fully grown animals. Example:

miger - 100(9 =20
rndomsticcat 5kg

The dilation factor is thereforek = % = 2,7. Their shoulder heights (acromion) relate as I; 2.
while their surfaces relate as 1: 7.3. Allometiiese their biological reasons, such as the difteren
functions of internal organs or the “puppy schenaggording to which young animals have a bigger
head, in order to look more appealing and therébyutate a protective behaviour in the parents.

The relationship between surface and volume is alguarticular importance. In maths teaching, an
important objective is to realize that bodies af #ame volume may have totally different surfaces.
This can, e. g., be shown with the help of a culitnoedge length. If one changes its original dimen
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sions of 1:1:1 edge length to 1:1:2 and then to4letc., retaining the same volume, this leads to a
continuous elongation of the cuboids. The biologicensequences of the relationship between volume
and surface show in the specific body shapes amasfof behaviour of the animals. Dragonflies, e. g.
have a slim long body to be able to fly fast, whaldeetle of the same volume is rather round and
compact.Small endotherms such as field mice and humminghindst constantly consume high energy food,
in order to be able to equalize the unfavouratie kzetween volume and surface (Glaeser 2004).

In the teaching module, these relationships are&kegbiout individually with the help of worksheets
(Cf. worksheets at www.sciencemath.ph-gmuend.Beom a mathematical point of view, this is all
about deepening the understanding of the topicilaiity - centric elongation” and the “relationskip
between surface and volume”. It is overall abowapprtions in geometry and the animal kingdom, at
which the networking between biology and mathersatakes centre stage: On the one hand, the
mathematical relationships are extended in an itapbmway through the biological perspective, and
on the other hand, mathematics helps to discowodical phenomena and to understand the biologi-
cal consequences.

Pie Chart, Percentage Calculation and Nutrition Circle

The special characteristic of this teaching moduléhealthy eating” is the cross- curricular apgtoa
between mathematics and biology, and the teacloogtaa highly topical issue: more and more chil-
dren eat the wrong things and are overweight (KIGK®th & Schaffrath 2007). They often don't
even know what is meant by healthy eating. Theitiarrcircle of the German Nutrition Association
(Deutsche Gesellschaft fir Ernéhrung e.V.) (figByecan be of support here and forms the starting
point and the basis for the teaching module tonb@duced (Grube 2008). It informs about healthy
eating in a clearly laid out circular diagram, ihiah the individual segments represent food catego-
ries, such as cereals, fruit, milk products andtmeghe size of each segment gives an indication of
the respective salutary amount.

Figure 3  Nutrition Circle of the German Nuwiti Association (DGE 2005)
From a mathematical point of view, the teaching ntedserves the purpose of introducing circular
diagrams (including the application of percentagéuwation); from a biological point of view it
serves to stimulate healthy eating. The moduldssteith a homework task that the students have to
do before the start of the sequence: They are dskedigh all the foods that they eat in a (if plk
normal day and to note down and order the quasititeeording to the categories of the nutrition cir-
cle. They enter these in a chart. In the firstdasghe nutrition circle is introduced. It servesam
impulse and to initiate a discussion, based orgtlestion: Are my eating habits in accordance with
the nutrition plan of the nutrition circle? For cpamison, one’s own eating habits are entered into a
circular diagram. This is achieved by calculatihg percentages and transferring them to angular
measures. A further task is establishing one’s periect nutrition plan that takes into account the
parameters of the DGE. This requires a form ofkinigp in which percentage calculation, circular dia-
grams and nutritional recommendations are dirdictked.
This teaching module was tried out in a Germanrsggy | school in the school year 2007/2008 with
students aged 14 — 16 (Grube 2008). The students highly motivated and were even stimulated to
talk about nutrition into the breaks. The topic dinel tasks constantly led them to linked thinkirg b
tween biology and mathematics. The need to refiacthe procedure of entering data in the circular
diagram, in order to compare their own eating Isahiith those suggested by the DGE, proved to
achieve excellent motivation. The comparison ofitiah plans among class mates led to exited dis-
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cussions, and students worked out independenty,ithspite of a higher percentage value a lower

total percentage can be achieved, as the basie isthe decisive factor.
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